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rh.r.nv I» P«tlcul.r. It t.U«i to 

Virus (HIV) Infections. 

The primary immunologic abnormality faulting from 
, , n bv HIV 1. the progrea.lv. d.pl.tion and functional 
Infection by HIV ^ the CO. c.U surface 

glye oprot.ln (H. U»* _ Rlycoprot . ln with homology to the 
CD4 Is a non-polymorphic glycoproc.i 

globulin g.n. sup.rfa.lly .(f. Meddon ac a C.U ^ 
(1985)). tog.th.r with th. COS surfac. antlg.n. C04 d.fln.s two 
I ll c subset, of mature p.rlph.ral T c.U. (I. R-lnher* « al.. • 
; :8 n (IH.]). vhUh ar. dlstlngulahad by their ability to 
Uceracc vich nominal antlg.n targ.t. In ch. conc.xt of class I and 
el... II -J°r histocompatibility eo-plex (MHO antigen.. 

ectiv.ly I Swain. Proc. Had. Acad. Sei. 11:7101 (19.11: 
axeman .c .1.. J- Inaunol. 121*™ U»»l S * 1 " " al > J - 
12i:l563 11982]; V. Blddi.on al.. J. Exp H.d. U*:10«S 
1X982]; and 0. Wild, ac al.. J. 1— I. 121:2178 (1983)). For ch. 
..est part. CI* T c.U. display th. helper/ inducer T cell ph.notyp. 

a R.lnh.rz. UU*). CD4 T <*""" rt " d " 

_ t e.lla have alao b..n ld.ntlfl.d (Y. Thomas 
cycocoxlc/supprassor T c.U. have atao 

#c ,1 J Exp. Mad. IS*"* (1981]: S. H.u.r «C al.. Proc. Had. 
xcad Sd. USA 22:4393 [19821; and A. Kr.naky ac .1.. Proc. fctl. 
.cad Scl. USA 22:2365 (19821). Th. loa. of CD* h.lp.r/lnducer T 
cell function probably underlie, the profound defect, in cellular 
and humoral Immunity leading to the opportunistic infections and 
^Ugnancle. char.ct.rl.tic of the acquired i-munodef iciency 
syndrome (AIDS) (H. Lane aufiXA) . 
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Seudle. of HIV-I infection of fractionated CO. and CD8 T 
, normal donor, and AIDS patient, have revealed that 
cells frois normal aonot. f HIV . t co 

, , nf CD4 I cells results from the ability of HIV 
depletion of CD* ulclaa „ly destroy this T 

selectlvely inect, c ^ m m: » ,1^,,.., 

r h °TlMlT" Ha Itself is an ...ential component of the 

^ — - HIV-I we. first Indicated * - ^ 
thac monoclonal antibodies directed against CD* bloc, HIV^I 
section and syncytia induction (A. »^>\" 
(London] 212:767 (1914]; J . HcDougal at al.. J. X— -l- 
" S]) Ihi. hypothesis ha, been confirmed by the demons tr at on 

at a molecular complex forms between CD. and pUO. the m. o 
envelope g lycoprotein of HIV-I (J ■ HcDougal er al. . Science 211-362 

ZZ - - -« ^ tropts ° can be confer T 

ordinarily non- permissive human cells following the «. . 
expression of a CD, cDNA (P. Haddon ec al.. Cell 42:333 [1986]).. 
FurC hermore. the neurotropic properties of HIV-I. reflected b, , . 
hlg h incidence of central nervous system dysfunction in KTNX 
Jected individual. (V. Snider ac .1.. Ann. Neurol 14.403 
(1983]). and the ability to detect HIV-I In the brain tissue and 
cerebrospinal fluid of AIDS patient. (C. Shav at .1.. Science 
222177 (19851; L. Ep.tein. AIDS Re.. 1:447 11985]: S. Ko.nlg. 
Science 222:1089 (1986]; D. Ho at al.. N. Engl. J. Hed. 212:1498 

[198 5<- J Uvy ec al . . Lancet 11:586 [1985]). appears to have Its 

explanation in the expression of CD4 in cell, of 

and monocyte/macrophage origin (P. Haddon. Cell 47,44* [1986,; I. 

Funxe et al.. J • Exp. Hed. 1*5,1230 [1986]; B. Tourvl.llle et .1.. 

Science 224:610 [19861). 

in addition to determining the ausceptlblllty to HIV-I 
infection, the manifestation of cytopathlc effects in the infected 
host cell appear, to involve CD4. Antibody to CD* was found to 
inhibit the fusion of uninfected CD* T cells with HIV-I Infected 
cells in vitro; moreover, the giant multinucleated cells produced 
ov this event die shortly after being formed resulting in the 
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mo- ^70 r 1986]: J- Llfson ax « 
. N .cure 222.^0 1 ^ . ^ ^ infeccton by HIV . X 

IlfM „. ~' ta che lntftW tion between SP120 and CO* 

well as eventual cell death. ufe 

«„« of several critical entry points m tne 
constitutes one oi sever H ltsuya et al.. 

cyc le amenable to therapeutic intervention (B. 

Nature 221:773 (1987)). 

n f the CD4 precursor predicts a 
The Venovn sequence of the uu« v 

approximately J/vi domain of the class- 

i: ::.r. t».:i - t - 

c .£ -ny r.c.pc.r »dt.»d .b~t~lltl.« h.. b..o th. 

*r -v* HIV envelope It would appear to 
.ice. of the HIV en el p blo cking 
rWeoeutlcelly aequesterlng these HIV sices. 

therapeutically m . - D4 and other adhesons are 

viral inactivity. However, full length CD4 and 
cell ««mbren. proteins which are anchored in the lipid bil.yT o 
cell aemoi«» y _„,._ „111 be undesirable 

cells. The presence of membrane components will 
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^mt of Mnufacoirlng «nd purification. In 
«« a. a therapeutic .ince It po.....e. * 

functionality- 

.ccordingly. it is an object of thl. invention to produce 
soluble, secreted adhe.ons . It is another object to produce CI* 
^Ivetive. useful in the tr.et.ent of AIDS and related condition, 
to e manner essentially unaffected by th. extreme degree of genet c ■ 
variation observed among variou. HIV -I i.ol.ce. end the r 
Respective „ ****** ^Coffin. H".». 
another object is to prepare adhe.on, fu..d to other polypeptide, 
in order to provide molecule, with novel functionalltle. .uch a. 
chose described above for therapeutic use. or di.gno.tic reagents 
for the to vitro as.ay of adhe.ons or their Uganda. In 
particular, it i. en objective to prepare nolecul.s for directing 
toxins or effector molecules (for example the Fc dommin of 
to.unoglobulln) to cells bearing receptor, for the adhe.on.. e.g. 
HIV gpl20 in the ca.e of CI*, and for use in facilitating 
* v I- 1. a further object to provide 

purification of the adhe.on.. i- 

.table, highly purified adheson preparations. 



30 



The object, of thl. invention are accomplished by providing 
nucleic acid encoding an amino acid .equ.nce variant of an adheson. 
in particular a variant in which the trans -membrane domain is 
.odified so that it 1. no longer capable of becoming lodged in the 



PCT/US88/03414 



cell Mabrane. 

CI*. 



-5- 



. C.U .Ub — -U " ~ 

* - .<<h.«on (b) cul curing the tiost can *™ v / 
..,u.nc. verier of • .dh..on. W ^ 
r.cov.rlng the variant .dhe.on fro. th. ho.t c.U 
fro. ly.at.. of the ho.t cell. 

of U> en edheson e«lno ecld eequence v.rienc 

^u.u, - — — »- *— r ,a e °r. ™ 

JUI. ..»— M • • - — «•« « • "-J* 

. W pi— b. lt llf. -b - 1— ~~ « *™"" 
I« . pt.t.rr.d «b.dU.~ . p.iyp.p<*>- "Wrt-iw • w" 0 

polypeptide such as ricin. 

Th. CD. edheson v.rlant. provided herein ere purified end 
for.ul.red In ph.r..cologlcally ecc.pc.bl. vehicle. for 
.OUnl.treclon to patience In need of antiviral. neuro.odul.cory or 
modulatory ch.repy. In Particular p.tl.nt. Infected with HIV. 
and for u.e In the .odul.tlon of cell edhe.lon. 

nrlnf it-'"***™ nf rhtt ftrwlnw 

Fig. L-lc depict th. a-lno .eld and nucleotide ..qu.nce 
of a ..creed for. of the CI* edhe.on. The .Ignal proc.lng site 
Is designated with an arrow. 
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, 2C ^ vLcZ th . «tno .eld and nucl.ocld. ..ouenc. 
Fl8 " , i hZ.. ,0 1— »nd N- terminal 27 r..idu.. to 

..1*1. CD* .dh..on, th. natlv. hu^n If* <n> 
e*.«plary h..vy chain-CI* chi..ra.. 

41, are . u? of eh. Unk.r.d human Igd (n> ch * ln 
rigs. 4»-4b .re a «P £u , lonI . lM .rt .It.. 

fw «c .-Ploya m the pr.p.r.clon of CI* flu. 

are d..tgn.t.d tl *nd Ft- 

ri 5 l. . B.p of the hu-n < light chain fragment u..ful 
Fig. 5 1« * «*p v «ri.bl. and 

fot CD. fusion, .t the arrov f]***d by 

joining) »dC, (light con.c.nt>. 

Durnllnl T>nnr ,H " cion 
«. c.ll ««rf.c polyp.peid.. h.vlng « 

.xcr.c.llul.r dom.in 8 bew . v . r . hlgh ly 

— oglohulin g.ne J. d froB group of 

P9WhU TU TX« hl.toco.p.tihlllty anclg.n.. 

„tu.»-' <■» »• w c>. high rffiiT ** 

xi ni - h*~* — <»>• 

receptor, the *.jor giy r .simulating factor- 

x -*m. - — — 

..,.rt-U» « ' „ £ , „ ln „ ..Id 



V . _■ 
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,„ M , too vn ..-b« of th. .«p.t£«Hy *■ 
Mq «.nc. h— LIT abov# h. v . co th. ..q«.«e- <* « 

or — — .. — — - 

C» t COS «d high .ffinlty IgE Fc «c.pcor. 

, 4. «»rtlcuLrly conc.m.d with wlno .eld 

— * - — » - «• «— ~-~ 

..,u.nc. varunc. of ^ subBCl c U clon.l or d.l.cion.1- 

following cl.«««»: iwetcionai.. 

v»ri*nt« . 

In..rtion.l -ino .eld ..,u.nc. v«l.»c. .r. tho.. in which 
Ino .eld r..idu.. .xtr«.ou. to th. .dh..on .r. 

one iT; n r:;r.iLin.d .it. m «. *. c 

"Ttl i si — «. r.f.rr.d to M fu.lon. of th. 
1.J 1 . diff.r.nt polyp.ptld.. Such oth.r peloid., 
contain ..au.nc. oc r th ^ ^ _ 

Tto ^. non..dh..on .pltop. i. .ny 1-unologlc.Uy cogent 

ntid. 1 . .ny polyp.ptld. which i. c.p.bl. of .Ucltlng « 
polyp.ptld., i. «y P yP ^ ^ ^ ^ ^ b- 

^o r..pon.. m th. .ni-. ^ 
.tolniit»t.d or which i» c.p»bl. of b.lng oouno 7 
adalnl.c.r.o ,„.„,4«i- Tvnic.l non-.dh.»on 

..1™.. .111 b. th... vhl.h ... borr,. by 
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„. fo „. a .1* DMA .ne.4t»» - l-»~g~lc lW' " '* 

7 1" th« *. — 1— »• - •» ^ ~ 

,r. t .t*l. tt . 

r,rr ( ::^:: ; . — -<•>• — -r=- 

~ - — " 

seruccurelly hoaogeneous form. 

Isogenic Inserclon. .re p.rclculsriy useful -hen 
for-uUcd into . ph.r~cologlc.lly .ee.pt*l. c«rl.r «* 
.asinl.c.r.d co . .ubj.cc l» order co r.ls. .nclbodle. .g.i«t ch. 
aoheson. which «tlbodl.. in cum .re useful in dl.gno.clc. or In 
purification of .dh..on by Isssuno.fflnlcy c.chnlques known per se. 
Mtem.clv.ly. In the purlflc.clon of .dhe.cn., binding percners 
for che fused non-.dh.son polypepclde. e.g. enclbodles. recepcors 
or Uge»d,, .re used co .d.orb ch. fu.lon fro. l-pur. .d-lxcur... 
after which che fusion I. el— «*. If de.lred. ch. .dhe.on is 
recovered fron che fusion, e.g. by «T*y».clc cle.v.ge. 

Ocher fusions, which «y or *.y noc .l.o be l«unologlcelly 
accive. include fusion, of ch. .dh.son sequence wlCh . slgn.1 
sequence hec.rologous co ch. .dhe.on. fusions of cr.ns.eabr.ne- 
.odlfl.d CD. .dh..ons. for ex^ple. co polyp.pcldes h.vlng enh.nced 
plasma h.lf life (ordlnsrlly >.bouc 20 hours) such « 
innsunoglobulln ch.lns or fr.ga.ncs chereof. end fusions wlch 
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, .Htlti Sl«ul «quence fusion, are employed In 
ord .r to mora -XP " J Mtlve 4dh „ on and 

by Che host c.U. ^ b «t«Ul y.ast. 

bas.d on ch. lnt.nd.d host c.U. 7 
.^MlLn «d viral sequences. Th. h.rp.s go g y 
l9 suitable for us. in «-uU« expression systoms. 

n .sma prot.ln, uhlch h.v. enhanced pU— half-lif. long.r 
h .hat of transmembrane modified CD4 Includ. ..rum albumin. 

ch e animal in which it U used and the plasma protein do.s not 
lie und..ir.bl. side effect, In patient, by virtue of Its normal 
biological activity. 

In « specific embodiment the adheson lanmanoglobulln-like 
which nay be homologous .Ith.r to th. constant or to th. 
variable r.glon domains Is conjugated with an Im^noglobul n 
constant r.glon sequence. Th. r.sulting products ar. referred to 
her .ln a, 1-uno.dhe.ons. Isosuno globulins and certain variants 
thereof are knovn and many have been pr.p.r.d in r.comblnant call 
" ture For example, see U.S. Patent 4.7.5.055; EP 256.65.; 
P.ulkner at 1.. Nature 22l:». (»«): » » 
Horrison. J . l«m. 122:793 (1979); Kohler « .1.. P.N.A.S. 

» r««.«r Res 412073 (1981); Morrison 
77. 2197 (1980); Raso *c al.. Cancer Res. «u*w-> 

, c al Ann Rev. Immunol. 2:23" (1984); Horrison. Sci.nc. 222:1202 

_ . p u a S USA 81:6851 (1984); EP 255.694; 
(1985); Morrison ac al.. p.n.a.s. u»«. sa 

EP 266 663- and UO 88/03559. Reasserted Immunoglobulin chains also 
are known." See for U.S. p.t.nt 4.444.878; WO 88/03565; .nd 

EP 68.763 and references cited therein. 

Ordinarily, the domains of adhesons that are homologous to 
35 immunoglobulins and extracellular In their native environment are 
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N . cerBl inus of the constant region of 
fu a.d Cterlnally " the S t , tl ,«(.) hereof, 

^oglobulto. to &ctlve hlnge . C H2 and CH3 do-to. 

retaining .« 1...C - y t _ 08lobuU n heavy -to- this 

of the con scent ^ ^ che approprUc . OH. 

ordinarily L — y ^ ^ ceU culture, 

aequ.nce end ^ ^ en^c.o ,1— half 

rrr: « « u- — — - 

oth er adheson, to the .«e fashion. 

, M for the CI* V-llke regions (V1-V4) 
The boundary domains for the ^ ^ 

, HvtlY ft bouc 100-109, abouc 175-18*. ao 
are. respectively. orecursor ct* amino acid sequence to 

about 360-369 (based on the precursor ^ ^ 

vh ich the toltUttog ~t ^ « fused M ^ 
containing any of th ^ ^ ^ ^ be fused . 

8eq uenc. " ^ ^ lobuUn constant region. The precise 

th elr Ctermtol to ^ « crl.lcal: the boundary 

stC e at which the fusion Is - ^ 
.. ^ h.rein are for guidance only ano 

° pti " t ...» m — - »— - 

general, it nas variation Is encountered to 

— *■ *y nit £ — — r - 

*. h :: bi b „„ ob „ lM< , * «... •< 

t;""; tT «•< — -* to -* 

— — T'jz^r--^— u - — — 

the nuaber of parenthetical urn. •.«-.„ are believed 

„ be disulfide bonded In the sa» 
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Table I 



10 bV 71 C 7 i 

oV^C* «■ oV 7l C 7l 

hCD4-BC 7 l 



35 



hCD^-bC* 



KCD4-hC 7 i 



hCD^-bC* + hCD4-hC 7 i 



■V^C* ♦ hCD4.hC 7 i 



aV^C* and/or (oV je C je )2 



(mV ie C lc )2(n V 7l C 7l ) 2 * 
nV K C lc end/or (nV (t C JC >2 

hCD^nC* and/or (hd>4.»C K )r 
KD 

(hCD4.«C x ) 2 (tiCI>4.»C 7 i)2 * 
hCD4-mC x and/or (hCD4.aC J6 ) 2 

hCDfc-bC* and/or (hCD4-hC ie )2 
(hCD4-bC 7 i)2 

(hCD4-hC <t ) 2 (W^- hC 7l>2 * 
nCW-bC* and/or (bCD4-bC K )2 

(«V Jt C l6 )2(^ CI > 4 - hC 7l ) 2 * 
aV^C* and/or («V lt C (C )2 



*ND - Not detected 

4 , n «h*.rve froa this table tbat tbe CD4-buman 
It is Interesting to observe rroa wi* 

„..„ dul. — — «- »» " ' * 




WO 89/02922 



PCT/US88/03414 



10 



15 



20 



25 



30 



-12- 

il.l.r .ccunrul.tlon of the prot.ln. howv.r) . Th. 

* e ""T^-^— - hOT chtln T 

.btucy of th. hCD. he, ^ h ^ MMMd ^ 

... un.xp.ce.d .1-. P ^ ^ h<>se< „. 

^rrrjri.^ ^ - w 

ce „«-for«dvlthn^ ^ tfl ^ 

<ValU t " ^l g C^— e.on chl-ra. a<e re.dlly ..«.t.c 

th. 1 ttop. - P»..nt In he.vy chain U*« 
vh.reln th. CD* P P ch.ln hecroccr-er. 

ch .in .ono.«r. or - ot BOt . light or 

Tfot - — d ftOB ^ *™ 
ZZZ — — ~ rublft wn 18 pre ' eRt ' a 

necerofuncclon.1 enclbody thus Is provided. 

Various exe.pl.ry hecero-and chimeric i.-uno.dhe.on 

a In .ccordance with this Invention .re 
oodles produced In .ccor , of 

.che-clcelly ^b.lo«. ^ ug4nd 

- U r rt 1 T H epreeenc Ught or h..vy chain 

:^;2::^~ of : - - - — 

.nd Y de.lgn.te. . cov.lent cros.-llnking -olety. 
AC L ; 

lcK-t«„. acl-«h. "i-Vh. « Vi-W 

£.£rii. *<.-«*• "• Ci - AC - " VlCl ' ,hCb1 ; 

or 



(a) 
(o? 
(O 
(d) 
(e) 
(f) 



(g) tA-Y) n -[ViC L -V H C H h- 
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-*. v shall be construed as being 

Uaaunoglobulln, preferably is cap 
antigen. 

Suitable companion l«unoglobuUn combining site, ana 
Suitable »P 4 subtypes. 

fusion partners are obtained fro. IgB-l. 2. 

IgA. X.E. X,D or IgH. but preferably XgB-1. 

u H^.nc is a fusion of an N- terminal portion 

a :r 7oit riling ^ *. - ^ ; 

pr oc.in of H IV ^ ^ ^^obulln Cl . Thar, are 

containing the effector hw 

-^.f.rrad smbodlments of this sort, Ui 
~° P" ferred ^ fused t0 . pott lon of CD4; in another, a 

* first residue of h.avy chain conatant region to be U* t*obat 
« al "Sequence, of Protein, of Immunological Int.re.t" 4th Ed., 
et .1.. Sequan LBaun0 globulins) i. fu..d to a 

10871 or analogou. .ite. of otner & 

19871 ' * . , MnM . re de.crlbed in the examples, 

portion of CD4. These embodiment, are oe. 

„ore particularly, those variant, in which one or .ore 
_oglobulln.ll, domain, of an adh.o n ar . _> - - 
triable region of an immunoglobulin chain are Den 

domain fro. an antibody of on. .pedes is •« 

v . r isbl. domain of another species. See. for example. 

023; Kunro. Nature 112: (13 December UK): Neuberger ec al.. 
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Nature 3U- (13 December 1984); Sharon .c 1.. Hatur. 2S1: <» *1 
7Z.~ -I- -c. Natl. Acad. Scl. USA 

Horrl.on 1. Sci.nc. 222:1202-1207 (1985); .nd Boullenne 
. e .1 Nature i!2:^-646 (13 December 1984). The DHA encoding. 
^ adh.son immune globulin- like domein(s) is cleaved by a 
restriction enzy.se at or proxl~l to the 3' end of the DHA encod ng 
the immunoglobulln-Uk. dom.ln(.) and at a point at or near the DHA 
encoding the N-c.rminal end of the mature adhe.on polypeptide 
.where use of . different leader 1. contemplated) or at or proximal 
to the N-termlnal coding region for the adh.aon (where the native 
adheson signal is employed). This DHA fragment then is readily 
inserted into DNA encoding an Immunoglobulin light or heavy chain 
constant region and. if necessary. tailored by deletlonal 
mutagenesis. Preferably, this is a human immunoglobulin when the 
l5 varian-- Is intended for in vivo therapy fcr humans. DHA encoding 

immunoglobulin light or heavy chain constant regions is known or - 
readily available from cDNA libraries or is synthesized. See for 
example. Adam, ec al . . Biochemistry 12:2711-2719 (1980); Cough ez 
.1 Biochemistry 12:2702-2710 (1980) ; Dolby ot al. . P.N.A.S. USA, 
21:6027.6031 (1980); Rice at «!.. P.N.A.S. USA 22=7862-7865 (1982); 
Falkner ec al.. Nature 224:286-288 (1982); and Horrlson «c al.. 
Ann. Rev. Immunol. 2:239-256 (1984). 

DNA encoding the immunoglobulin or immunoadheson chimeric 
chain(s) is tranafected into a host cell for expression. If the 
host cell I. producing an immunoglobulin prior to transfection then 
one need only transf.ct with the adh.son fused to light or to heavy 
chain to produce a heteroantlbody. The aforementioned 
inmunoglobullns having one or more arms bearing the adh.son domain 
and one or .ore arms bearing companion variable regions result In 
dual specificity for adheson llgand and for an antigen. These are 
produced by the above -described recombinant methods or by in vitro 
procedures. In the latter case, for example. F(ab') 2 fragments of 
the adheson fusion and an Immunoglobulin are prepared, the F(ab')2 
fragments converted to Fab' fragments by reduction under mild 
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•lso U.S. patent 4.444.878. 

. rhlln8 for one of the previously employed 

imaunoadheson chains xor 

lnnunoglobulin< . 

in an alternative method for producing a heterofunctlonal 
antibody, host cells producing, an adheson- immunoglobulin fusion. 
e g cransfected myelomas, also are fused with B cell, or 
hybr idomas which secrete antibody having the desired companion 
specificity for an antigen. Het.rob if actional antibody is- 
recovered fro. the culture medium of such hybridous, and thus may 
be produced somewhat more conveniently than by conventional in 
vitro resorting methods (EP 68.763). 

Another group of fusion, are those in which an adheson is 
conjugated with a toxic substance, e.g. a polypeptide such as ricin 
(including deglycosylated ricln A chain), dipcheri. toxin A. or a 
non-peptidyl cytotoxin. Where the toxin i. a polypeptide it i. 
convenient to cross-link the polypeptide to the adhe.on or its 
tr.nsaembran-del.ted variant by conventional in vitro protein 
cross-linking agent, (for suitable methods for linking ricln A 
chain or d.glyco.yl.ted A chain to CD4 .... for example. Duncan ec 
al -Analy. Biochem." 112:68-73 [19831; Thorp, et «!.. "Canc.r 
Res " 42:5924 [1987]; and Chotle ec «!.. "Cancer Res.- 44:2610 
[19881) or by recombinant synthesis as a fusion (see for example. 
0 S. Pat.nt 4.765.382). Alternatively, where companion antibodies 
are anti-rlcin antibody Immunoglobulin variable domains, such 
innounoglobulln hetero.ntibodies are employed to deliver ricin to 
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HIV infected cell, following eh. general procedure of Raso 
Cancer Research, id = 2073 (1981). 

Another clas, of adba.on variant:, are delecional variant,. 
Deletion, ar. characterized by the removal of on. or -ore amino 
acld r..ldue, fro. . ^..on ..ouence. Typically the 
tr an...»br.n. - cytoplasmic domain, of edheson, ar deleted. In 
ch e c.,e of CD*, at least re.idue, 368 to 395 (the transmembrane 
region) and ordinarily 396-433 a, veil (the cytoplasmic domain). 
wl U oe deleted to obtain ,ecr.ted for- of thi, adheaon. 
Parenthetically, th. amino acid residues follow the nu.fc.rs given 
for mature CD4 a. noted, for example, in figure, la - 1c. Thus. 
CD4T molecule, generally 111 t.r-inat. in the vicinity of about 
residues 366-368. or at any oth.r auitabl. site H-tenninal thereto 
which preserves the gpl20-binding capability of the CD4 variant. 

Substitutional variants are those in which at least one 
residue in the adh.son ..qu.nce ha. been removed and a different 
residue inserted in it, place. The native N-c.rminal ra.idu. for 
.aacur. CD& 1. now known to be lysine. Thus, the ..ouence shown in 
Fig 1 with an N- terminal aaparagine. i, an amino acid ..quence 
variant of native mature C04. Table 2 below de.cribe. 

substitutions which in g.ner.l will r..ult in fine modulation of 

the characteristics of the CD antigen. 
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TABLE 2 



••r 

lys 

gin; hl» 
gin 

••r; *1* 

Mil 



Ala 
Arg 
Asn 
Asp 

cy« 

Cin 
Clu 

Cly P" 

Kit " n: 8 ln 

II. l ~s v * 1 

Lyg arg; gin; glu 

tuc leu: lle 



Fh. 
Ser 

Thr 



■«c; leu; cyr 

thr 

s.r 



Trp ^ 

Tyr trp; ph. 

Val leu 

Subtt*ncl»l chang.s in function or lsnsunological identity 
sr. ud. by ..l.cclng substitutions that nr. tens cona.rv.tiv. thnn 
the., in Tabl. 2. l.n.. e.l.ccing residues thnt dlff.r nor. 
significantly in th.ir .ff.ct on nalntalning (a) th. structure of 
th. polypeptide b.ckbon. in th. nr.. of th. .ub.tltution, for 
•xanple as s «h..t or helical confomntlon. (b) th. charge or 
hydrophobtclty of th. nolecule at th. tnrg.t .it. or (c) th. bulk 
of th. .id* chain. Th. substitutions which in g.n.ral nr. .xp.cted 
co produc. th. gr..t..t cheng.. in .dh..on prop.rti.. will b. thos. 
in which (.) • hydrophllic r.sidu.. ..g. ..ryl or thr.onyl. is 
substitute for (or by) . hydrophobic r.sidu.. ..g. l.ucyi. 
isolsucyl. ph.nylalanyl. v.lyl or alanyl; (b) a cyst.lnyl or prolyl 
1. substituted for (or by) any oth.r r.eidue; (c) • r.sidu. having 
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an .leccropcitiv. side chain. ..... ly.yl. -ginyl. 

U substituted for (or by) - electronegative ra.idue. ..J.. 

ph.nylal.nyl. 1. substituted for (or by) one not having a 

5 side chain, e.g., glycyl- 

A preferred cl*.. of substitutional or d.letlonel v.rlant. 
«. those involving the crens.embran. region of the adh.son. The 
tren.ae.bran. region of the edhe.on 1. . highly hydrophobic or 
10 lipophilic domain that i. the proper .ire to .pen the lipid bll.yer 

of th e celluler m.mbr.ne. It is believed to enchor the edhe.on in 
the cell membrane. 

Deletion or substitution of che transmembrane domain will 
« fecillc.ee recovery end provide . soluble for- of che edhe.on by 

reducing it. celluler or membrane lipid affinity and improving ics . 
wecer solubility. If the transmembrane end cycople.mic domains ere 
deleted one .voids the introduction of potentially immunogenic 
epitopes. either by exposure of otherwise intracellular 
20 polypeptides that aight be recognized by the body a. foreign or by 

insertion of heterologous polypepcides that are potentially 
lassunogenic. A principal edvant.ge of the transmembrane deleted 
adheson is chat it is secreted into the culture medium of 
recombinant hosts. This v.rlant is w.ter soluble and does not h.ve 
25 an appreciable affinity for cell membr.ne lipids, thus considerebly 

slnrpllfylng it. recovery from recoab inane cell culcure. 

It will be emply epparent froa the foregoing discussion 
that substitutions, deletions. Insertions or any coablnatlon 

30 thereof are Introduced co arrive at a final construct. As a 

general proposition. .11 v.rlants will not have • functional 
cransaeabrane domain and pr.fer.bly will not have a functional 
cytoplasalc sequence. This Is generally accomplished by deletion 
of the relevent domain. although adequate Insertlonel or 

35 substitutional mutagens also car. be effective for this purpose. 
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For ~mU. th. ««— i » sub.tltuted by «y -i~ 

i Znc. ..S- * -do. or bo.opolynud.ic ..quence of .bout 

„ 50 ..rine. thr.onln.. If*-.. ■ "t 

„ d Uk. hydrophlllc r..ldu... which .lto g .th.r «hlb t 
5 bydxophlllc hydrop.chy profile, .o that It 1. >™ 0 t 

culture medium of recombinant bo.ts. This variant, .bould .l.o be 
coruidered to be «i edhe.on v.rl.nt. 

Th... variant, ordlnorlly .re prep.red by .It. .peclflc 
W muc.g.ne.1. of nucleotide, in tbe DNA- encoding the .dhe.on. thereby 

producing DNA encoding the vari.nt. end there.fter expre.slng the 
DNA in reco.bin.nt cell culture. However, verier .dhe.on. .l.o 
.re prep.r.d by in vitro synthesis. Obviously, variations made In 
che DNA encoding the v.rl.nt .dhe.on. must not pl.c. the sequencer 
l5 out of reeding frame end prefer.bly will not cre.te complementary 

regions thet could produce . secondary mRHA structure deleterious to • 
expression (EP 7S.44AA). The CI* v.rl.nts typic.lly exhibit the 
.am. gpUO binding ectivity es does the neturelly- occurring 
prototype, elthough v.ri.nt, .l.o .re .elected in order to modify 
20 the ch.r.cterlstlcs of the CD4 .dheson es Indicted ebov*. 

While the site for introducing an amino *cid sequence 
v.ri.cion is predetermined, th. miction per s. need not be 
predetermined. For ex^sple. in order to optHslze th. p.rfon-nc. 

25 of . auction .t . given site, r.ndo. mut.gen.sis m.y be conducted 
et the target codon or region end the .xpre.sed .dheson variant, 
screened for the optimal combination of d.slr.d .ctlvlti.s. 
T.chnique. for making substitution mutations at predetermined sites 
in DNA having • known sequence are -ell known, for exemple M13 

30 primer mutagenesis. 

Adhe.on variant, th.t are not capable of binding HIV gpl20 
.re useful nonetheless a. Immunogens for r.lsing .ntlbodles to the 
•dhe.on or «. Immuno.ss.y kit components (l.belled. .s . 
35 competitive re.gent for gpl20 .ss.y. or unlabeled es a st.ndard 
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Cor an adho.on -ay) - long a. at l.a.t one adh.-on epitope 
remains active. 

The DMA encoding sdheson. 1. obtained by known procedure.. 

See Willi—. I-— 1 " T0d * y 6:298003 (1987> "* Cl " Cl0tU 
therein I» P"k.ryote. ere ue.d for cloning of CD4 

Z Z JU- - — • ~" ~~ (for 

propagating .13 * > .«ain of iK 101; Massing ec 

L Hucl Acids. Res. 2(2>:309-321 [1981]); and £. coll K12 .train 
29*' (ATCC Ho. 31446) «. particularly uaeful. Other microbial 
.train, which «y be u.ed include t. cell B. UK101 and g. coll 
,1776 (ATCC Ho. 31537). The.e exa.pl.. are illu.tr.tlv. rather 
than Halting. 

DMA encoding the variant adhe.on. are lna.rt.d for 
.xpre.elon Into vector, containing promoter, and control ..qu.nce. 
which are derived from .peel.. comp.tlbl. with Che intended ho.t 
cell. The vector ordinarily, but need not. cerry ..replication 
elte a. veil .. on. or more marker ..quence. which .re capable of 
providing phenotyplc ..lection in transformed cell.. For exa-pl.. 
£. coll i. typically cran.fon.ed using . d.riv.tlve of pBR322 which 
i, a plaemld derived fro. an E. coll epeciea (Bolivar, et al. . Gene 
2: 95 (1977)). P&R322 contain, gene, for aapicillin and 
tetracycline re.l.t.nce and thu. provide. ea.y means for 
Identifying tranafor».d cell.. The pBR322 * pia.«ld. or oth.r 

oilerobial pl*«io «•« «*" tn or be «° dlfled t0 COnC * ln 

promoter, and oth.r control aiements commonly used In r.combltunt 

DNA construction.. 

Promoters .uit.ble for use with prokaryotlc host* 
Illustratively Include the ^-lactamase and lacto.e promoter .y.tems 
(Ch.ng ec al.. Nature. 221: 615 (1978); and Coeddel et «!.. H.ture 
281 . 544 [1979]). alkaline phosphatase, the tryptophan (trp) 
promoter system (Goeddel. Nucleic Acid. Res. fi: 4057 [1980] and EP0 
Appln. Publ. No. 36.776) and hybrid promoters such as the tac 
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promoter (H. <U Boer ec .1-. Proc. ».tl. Acad. Sci. USA **: 21-25 
19831) However, other functional bacterial promoter, are 
suitable" Their nucleotide ..ouance. ere general!, known, thereby 
enabling . .klU.d worker op.rably to llg.te the. to DSA encoding 
the adhe.on verlent using linker, or emptor, to .upply «* 
r . q «lr.d reetrlctlon .It.. (Sl.b.nll.t ec Cell 2fi. 2 9 

(1980)). Promoter, for ua. In bacterial .y.c.«. al.o will contain 
I Shlne-D.lg.mo (S.D.) -ouence op.r.bly linked to the DSA 
encoding the .ntlgen. 

In .edition to prokaryote. . eukaryotlc microbe, .uch es 
yeast culture, al.o are uaeful a. cloning or expr...lon ho.t.. 

commonly uaed eulcaryotlc mlcroorganl.m. although a nu-b.r of other 
scrains are commonly available. For «xpre..lon in S.ccharomyce. . 
che pl.»id Yip 7l for example. (Stlnchcomb. et al.. Nature 211: 39 . 
tl ,79j; Klng.man et al. Gen. 2: 141 [1979]: T.champ.r et al., Gene 
ifl: 157 [1980]) 1. commonly uaed. This plea-id already contain, 
the trpl gene which provlda. a .election marker for a mutant .train 
of y...t lacking the ability to grow In tryptophan, for example 
ATCC no. 44076 or PEP4-1 (Jones. Ceneclcs 12 119771). The 

pr...nc. of the trpl le.ion as a char. ctarl. tic of the y...t ho.t 
cell genome then provide, an effective mean, of .election by growth 
In the ab.enee of tryptophan. 

Sultabl. promoting sequence, for u.e with yea.t ho.t. 
include the promoter, for 3-pho.phoglycerate kin... (Hlczeman at 
Ml J Biol. Chem. 22i: 2073 119801) or other glycolytic enzyme. 
(Hess «c «!.. J. Adv. Enzyme Reg. 2: 149 (19681; and Holland. 
Biochemistry 12: 4900 [1978]). «uch es enolase. glyc.raldehyde-3- 
pho.ph.te dahydrogena... hexokln.se. pyruvate decarboxylase, 
phosphofructoklnase. glucose - 6 -pho.ph.t. Isomerase. 3- 
pho.phoglyc.r.te muta.e . pyruvate kinase. trlosephosph.te 
Isomerase. phosphoglucose Isomerase. and glucoklnase. 
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' -U PK^U*.. d.^«U«v. 

. " — * — «• - -r— £ " "'.1 

...» .t. futth.1 4...ttt.4 l» »• «"»~° " " • 
.dvncg.ou.ly used with y.*«t propter.. 

Pronoter, for controlling transcription fro* vector, in 
i. , ho.c cell. «-y °. obtained fro. v.rlou. .ources. for 
M«B»ll« hose cen» — 3 *, mia - virus 40 

example, the geno.e. of virus., such polyc. SUian Virus 



tne geno»e» w*. 

(SV .0). .denovirus. retrovirus. h.p.titi.-B vlru. 
preferably cyto.eg.loviru. . or fro. h.t.rologou. - 
rcoter.. -g. cb. b.t. ectin pro.ot.r. Tb. early and U 
propter, of tb. SV.O vlru. sr. conveniently " "J^J 

restriction fr.g..nt -bleb .l.o contain, the SV40 viral origin of 

.erly pro.oter of the bu^n cytcegeloviru, i. conveniently 
obtained a. a MI*X« '■ ".triction fr.g~»t. 

el.. Gene 1ft: 355-360 (1982). Of cour.e. promoters fro- the host 
cell or related epecie. ai.O «r. ua.ful herein. 

DHA tr.n.cription in higher eukaryotes 1. increased by 

ln..rting an .nhancer into the vector. Enhancer, .re ci.- 

.cting el«.nt. of OKA. dually fro. about 10 to 300bp. that .ct to 

incr.... the tran.cri P tion initiation capability of a pro.ot.r 

Enh.nc.rs ar. r.l.tiv.ly ori.ntatlon and po.ltion independent 

hevmg been found 5' (Ul*». >• « "- *"c. Natl Acad .Sc 1. 7X 

993 H981,) and 3' <Lu.*y. H.L.. « .1.. Hoi. Cell Elo. 2 110. 

(1983)) to the tr.n.cription unit, within an intron (B.n.rjl. J.U 

or .1 Cell 31: 729 [1983]) a. well es within the coding ..qu.nce 
et .1.. eel ^ 12Q3 tl984)) . 

itself (O.bome, T.F. , *c ai-. «oj.. 




'O89/02922 



PCT/US88/03414 



10 



15 



20 



25 



30 



-23- 

eU L, albumin, .-fetoprotein and insulin). Typically, howev . 
L will an enhancer fro. a eukaryotlc c.U vlrua. fa-pl- 
ena vli. use i«, .Ida of the rapllcatien 
includa the SV40 enhancer on the late aioa 

origin (bp 100-270). the cytomegalovirus early promoter enhancer. 
ch e polyoma enhancer on the late aide of the r.plicetlon origin, 
and adenovirus enhancers. 

Expr.,.ion vector. ua.d in eukaryotlc ho.t cell, (yeast, 
fungi , insect. Plant, ani-1. human or nucleated cells) -ay also 
conceit, seance, necessary for the t.nslnation of 
wnicn -ay affect ^ expression. These region, sre transcribe la, 
polyedenylat.d segments in the untranslated portion of the 
encoding the adheson. 

Expression vector systems generally will contain a • 
.election gene, else censed a selectable merlcer. Example, of 
.ultabl. selsctabl. merger, for median cell, are dlhydrofolate 
reductase (DHFR) , thymidine kinase or neomycin. When such 
.electable marker, are .ucce..fully tr.naferr.d into a »«nm.ll«n 
host cell, the transformed mammalian ho.t cell can survive if 
pieced under selective pressure. There are two widely used 
distinct categories of selective regimes. The first category is 
based on . cell's metabolism and the us. of a mutant cell line 
which lacks the ebility to grow independent of . supplemented 
„edlun Two examples are: CHO DHFR" cells and mouse LTK" cells. 
These cells lack the ability to grow without the addition of auch 
nutrients as thymidine or hypoxanthine . Because these cells lack 
certain genes necessary for a complete nucleotide synthesis 
pathw.y. they cannot survive unless the missing nucleotides are 
provided in a supplemented medium. An alternative to supplementing 
the medium Is to introduce an Intact DHFR or TK gene into cells 
lacking the respective genes. thus altering their growth 
requirements. Individual cells which were not transformed with the 
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v „„.hl t of survival in turn suppleaented 
DHFR or TK gene will not be capable 



media. 



^ second category i, do.in.nC selection which refer, «e 
i ctlon ,che.. ua.d in any cell type and doe, nor require che use 

... ho,t cell Tho.e cells which have a novel gene 
arrest growth of a host r ., t . t „ c . and would aurviv. 

would express a protein conveying drug resistance 

I,: U9«> « "„™,«u. »• « «'■■ » l - c * u ' ' \ \ 

«, «,«>. «. *~ •«■*•• *- *- ^ b r Z 

acid) or hygronrycln. respectively. 

•Amplification" refer, to the increase or replication of 
an isolated region within a call's chro.oso.al D*, *™U**~ 
U achieved using a selection agent e.g. .ethotrexat. (KB) wh eh 
activates DHFR. Amplification or the .axing of successive copies 

in the face of greater -cunts of HTX. *pllf iction pressure is 
applied notwithstanding the presence of endogenous DHFR. by adding 
eve. greater counts of MIX to the ..dia. Amplification of a 
desired gen. can be achieved by cotr.nsf.cting a _ Hi-* ho.t 
cell with a plasmld hsving a UNA encoding a desired protein and the 
DHFR or amplification gene pensittlng cointegr.tlon. On. ensures 
chat the call r.quir.s .or. DHFR. which r.quir..ent is met by 
replication of th. ..lection g.n.. by s.lectlng only for cells that 
can grow in the pre.enc. of ever-greater MIX concentration. So 
long a, the g.ne .ncoding a d.sir.d h.t.rologous protern has 
colntegrated with the selection gene replication of this gene gives 
rise to replication of the gene encoding the desired protein. The 
result 1. that increased copies of the gene. i.e. «n amplified 
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cl ..v.d. tailored, and r.ligat.d in ch. for. desired to for. the 
...ids ^r., Suitable Procedure, sr. -1 for t 

construction de.crib.d herein. S... for . W le. 
, Kolesulal glflnlM - "3-134 Cold Spring Harbor. [1982]. 

H9.71. pub. by Greene Publishing As.ocl.ce, * Ulley-Interscience) . 

Correct ple.mid .equences are confirmed by transforming E. 
coli K12 .train 294 (ATCC 31446) with ligation mixtures, .ucce.sful 
cransformancs .elected by ampiclllin or tetracycline resistance 
vhere appropriate, pl.smids fro. the transformants prepared and 
chen analyzed oy re.trlction enzyme digestion and/or s.quenc.d by 
che ,ethod of He..lng et al.. Nucleic Acids Re.. * 09 (1981) 
by .he method of Haxam et al.. Methods in Enzymology i*: 
(1980). 

Host cells are transformed with the expression vector, of 
chls invention. Thereafter they are cultured in appropriate 
culture media, e.g. containing substance, for inducing promoters, 
selecting transformants or amplifying gen... The culture 
conditions, such as temperature. pH and the Uke. are those 
previously used with the host cell selected for expression, and 
will be apparent to the ordinarily skilled artisan. 

The sect. ted adhe.on variant, are recovered and purified 
fro* the culture supernatant, or ly.at.s of recombinant hosts. 
Typically, the supernatant, are concentrated by ultrafiltration, 
contacted with a llgand affinity or immuno.f f lnity matrix .o as to 
adsorb the adhe.on variant. and eluted from the matrix. 
Optionally, the adhe.on is purified by ion exchange chromatography. 

Surprl.lngly. purification of .oluble CD4 adh.son from 
culture medium was unexpectedly difficult. Notwithstanding that 
che hydrophobic transmembrane region of the antigen had been 
dieted, the antigen exhibited a strong tendency to form aggregates 
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.tat could be readily removed fro. .u.p.n.lon by c.ntrlfug.tlon .c 
WOO x g, and which avidly coat .urface. .«ch a. ultrafiltration 

...bran... Thi« W» " r " Ult fr °" *• " dUCtl ° n l ° 
concentration of albumin or oth.r ..mm protein (ordinarily pr.a.nt 

5 in the crude preparation) to a particular l.v.1. below which the 

truncated antigen no longer remain, aoluble. This phenomenon 
appear, to be aggravated by expo.ur. of the CD4 adh.aon to low pH 
« about pH ft). A. a re.ult. ..paratlon procedure, (particularly 
cho.e that employ acid elutlon. .uch a. lamunoaf f lnlty) .hould be 

l0 modified .o that the eluat. Is maintained at. or Immediately 

returned to. about neutrality. Further, a .urf.ctant. e.g. a 
detergent .uch as Tween 80. .hould be included with the antigen 
during the .epar.tlon procedure. The final purified product will 
be stabilised vlth e predetermined protein .uch a. albumin, and/or 

15 a detergent. 

The purified adhe.on Is formulated Into conventional 
pharmacologically acceptable exclplents. 
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It 1. administered to patients having HIV Infection at a 
dosage capable of maintaining a concentration of greater than about 
100 ng of soluble CD4 adheaon/ml plasma. For CD4 adhason variants 
having different molecular weights, about 2 plcomoles of soluble 
receptor per ml of plasma will be initially evaluated clinically In 
order to establish a stoichiometric equivalence with native 
(membrane bound) and soluble receptor. The ordinary dosage of 
soluble CD4 Is 100 MgAg of patient weight/day. 

The therapeutic CD6 variants are employed with other 
therapies and agents for the treatment of AIDS. Including AZT. 
neutralizing antibodies and lmmunocy to toxins. gpl20 fragments and 
vaccines. 
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In ordar to facilicata understanding of tho following 
axaaplas cartain fraquantly occurring aathods and/or tsras will bo 
dascribad. 



5 ^Blass^ds' 1 ara^d^ipia^d by ^oTlowor casa p pracadad and/or 

followod by capital Isttara and/or nuabara. Tho starting plasaids 
harain ara aithar coaaarcially availabia, publicly availabia on an 
unraatrictad basis, or can ba conacruetad fro* availabia plasaids 
in accord with publlahad procaduraa. In addition, aquivalant 
10 pl asai ds co thoaa daacrlbad ara known in tha art and will ba 
apparant to ths ordinarily akillad artiaan. 

•Digaation* of DNA rafars to catalytic claavaga of tha DNA 
with a raatriction anxyaa that acta only at cartain aaquancas in 

15 tht DNA. Tha various raatriction anxyaa* uaad harain ara 

coaaarcially available and thair raaction conditions, cofactora and 
othar raquiraaants vara uaad aa would ba known to tha ordinarily 
akillad artiaan. For analytical purpoaas, typically 1 m* of 
pUaaid or DNA fragrant la uaad with about 2 units of anxyaa In 

20 about 20 jtl of buffar aolutlon. For tha purpoaa of isolating DHA 

fragaanta for plaamld construction, typically 5 to SO pg of DHA ara 
dlgaatad with 20 to 250 unit a of anxyaa in a largar voluaa. 
Appropriata buffars and substrata aaounts for particular 
rastrlctlon anxyaas ara spaclfiad by tha aanufacturar. Incubation 

25 tiatt of about 1 hour at 37*C ara ordinarily uaad, but say vary in 

accordanca with tha supp liar's instructions. Aftar dlgastlon tha 
raaction Is alactrophoraaad dlractly on a polyacrylaaldt gal co 
lsolata tha daslrad fragrant , 



30 •Racovary' or 'isolation - of a glvan fragaant of DHA froa a 

raatriction dlgaat aaana saparatlon of tha digast on polyacrylaalda 
or agarosa gal by alactrophorasls , idantlf icatlon of tha fragaant 
of lntarast by coaparlaon of its nobility varsus that of aarkar DHA 
f ragaanca of known aolacular walght , raaoval of tha gal sactlon 

35 containing tha daslrad fragnant, and aaparatlon of tha gol froa 
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Thl. proe.dur. U known generally (U«n. R. .e .1.. Nucleic 

Acid. Re» ft: *0" 12*WJ) • 

-D.pho.phoryl.clon- r.f.r. to the r.mov.l of ch. c.r.ln.1 
5. pho.pheee. by er.ecnc with b.cc.rlal . alpine pho.phata.. 
C J). Thl. procedure pr.v.nc. the two restriction eU.v.d .nd. o 

Dna fr.g-.nc fro. -circularizing" or for-ing . clo.ed loop chat 
12 JL Ins.rtlon of another DNA fr.g-.nt at ch. r.strlcdon 
>lte Procdur.. end reagent, for depho.phoryl.don and other 
recombinant -nlpul.clon. are conv.nclonal . Reaction, using BAP 
.re carried out In 50mH Trie ac 68«C to suppress th. .ctlvity of 
any .xonucle.... which may he present In ch. .nzym. 
R.actlons v.r. run for 1 hour. Following ch. r.actlon th. DNA 
fragment 1« gel purified. 

•Ligation' r.f.r. to ch. proc... of forcing pho.phodl.st.r 
oond. b.tv..« cvo doubl. .crandad nucleic acid fr.g-.nC (Maniac!.. 
T .e .' id- *t 146). Unla.. och.rwl.. provided, ligation -y b. 
accompll.h.d using known buffer, .nd conditions with 10 units of T4 
DNA Ug... ("llgase") per 0.5 „g of approximately equl-oler amounts 
of the DNA fragments to be llgat.d. 

■Filling" or -blunting- r.f.r. to th. procdur.. by which 
ch. slngl. .trandad .nd In ch. cohe.lv. t.rmlnu. of . r.strlcdon 
.nrym.-cl.svd nucl.lc add I. conv.rt.d co a doubl. scr.nd. This 
.ilminec.. ch. eoha.lv terminus and for- . blunt .nd. This 
proc... I. a vrsatil. tool for converting a restriction cut end 
chat «ay be cohe.lv with th. ends cr.at.d by only on. or a few 
other r.scrlctlon enzy-.s Into . t.r»lnus compatible with any 
blunt-cutting r..tricdon .ndonucl.a.. or oth.r filled coh.slv 
c.r-lnu.. Typlclly. blunting I. .ceompllshed by Incubating 2- 
1S« of th. target DNA In lOmM KgCl 2> 1-K dlthlothr.ltol. 50«H 
N.C1 lOmM irl. (PH 7.5) buff.r .t .bout 37«C In th. pr.s.nc. of 8 
units of th. Kl.nov fragment of DNA polymer... 1 and 250 ^ of each 
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of the four deoxynucl.o.id. triphosphates. The Incub.tlon 
generally is terminated after 30 »ln. phenol end chloroform 
extraction end echanol precipitation. 

The following examples merely Illustrate the best mode now 
contemplated for practicing the Invention, buc ahould not be 
construed to limit the invention. 

EMaala 1 

ff f v-reon for fla Sroreiilgn 9f 
ffnt1r > rmL ggj derated DerlvatlvM 

The plasmid used for recombinant synthesis of human CD4 was 
pSVeCDADHFR. The plasmid was constructed as follows: . 

AC04P1 contsinlng most of the coding sequence of human CD4 • 
(obtained from a human placental cDNA library using oligonucleotida 
probes based on the published sequence [Haddon sc al. 1985]) was 
digested with EfiflRI to produce the cDNA insert. This fragment was 
recovered by polyacrylamlde gel electrophoresis (fragment 1) . 

pUCIS was digested with EfiftRI and the single fragment 
recovered by polyacrylamlde gel electrophoresis (fragment 2). 
Fragment 1 was ligated to fragment 2 and the ligation mixture 
transformed into E. coll strain 294. The transformed culture was 
placed on ampicillln media plates and resistant colonies selected. 
Plasmid DKA was prepared from transf omenta and checked by 
restriction anelyels for the preaence of the correct ONA fragments. 
This plesmid is referred to as pUCCD4. 

pSVeE'DHFR (Mueaing et el.. Cell £4:691-701 [1987]) was 
digested with Kaal end fiflaHI end blunted with E. coll DNA 
polymerese I (Klenow fregment) end the four dNTPs. Fragment 3 
containing the pML-Amp r region. SV40 eerly promoter, the HIV LTR. 
and the mouse DHFR gene was recovered by gel electrophoresis. 
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Ug.t.d and the llS-tion mixture transformed Into E. cell -train 
29 ! The tran.for.ed culture we. plated on ampiclllin media plate. 
Md re.Ltant colonie. .elected. rle.mid DHA va. pr.p.r.d fro. 
«an.fo«ant. and checked by re.trlction analy.i. for the pre.ence 
of the a«Hl re.trictlon .it. and the ab.ence of the 
restriction .ite. This pla.»id 1. referred to a. pSVeABKDHTR and 
all ow. ££sRl -BflfflHI frag-ent. to be inserted after the SV40 early 
propter and transcribed under it. control, following transection 
into an appropriate cell line. 

Synthetic oligonucleotides (adaptors 1-8. below) were made 
to extend from 76 bp 5' of the initiation codon of CD4 translation 
to the EUI restriction site at 121 bp 3' of the initiator, with 
the sequence AATT at the 5' end of the sens, strand to generate an 
end which could llgete to an £c*RI restriction fragment. These 
oligonucleotides were lig.ted and the 204 bp fragment containing • 
the entire sequence recovered by gel electrophoresis (frag-ent U) . 

CD4 adaptor 1: AATTCAACCCCACAGCCCTGCCATTTCTCTGCCCTCACCTCCCT 
CD4 adaptor 2: pACTGCTCAGCCCCTTCCTCCCTCGGCAAGCCCACAATCAACCGGCGAGTC 
CD* adaptor 3: pCCTTTTAGGCACTTGCTTCTCCTCCTGCAACTCGCGCTCCTCCCACC 
CD4 adaptor 4: 

pAGCCACrCAGGGAAACAAAGTGGTGCTGGGCAAAAAAGGGGATACAGTGGAACTGACCTGT 
CD4 .daptor 5: pACAGGTCAGTTCCACTGTATCCCCTTTTTTGCCCACCACCACTTTGTTTCC 
CD4 adaptor 6: pCTGAGTGGCTGCTGGGAGGAGCGCCAGTTGCAGCACCAGAAGCAAGT 
CD4 adaptor 7: pGCCTAAAAGGCACTCCCCGGTTCATTGTGGCCTTGCCGAGGGAGGAAGCG 
CD4 adaptor 8: GCTGAGCAGTAGGGACCTGACCCCACAGAAATCGCAGGGCTCTGGGCTTG 

pUCCDi was digested with &&&1 *** i** 1 * nd the 601 bp 
fragment containing part of the CD4 coding sequence recovered by 
gel electrophor..is (fragment 5). pOC18 was digested with fitfiRI 
and Sitl and the fragment comprising the bulk of the plawld 
recovered by gel eleccrophore.ls (fragment 6). Fragments 4 and 5 
were ligeted to fragment 6 and the ligation mixture transformed 
into £. coll strain 294. The transformed culture was plated on 
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aapicillin media pltui and culictnt colonies selected. Plasmid 
DHA was prepared from transformants and checked by restriction 
analysis for the presence of the correct f regnant. The sequence of 
the inserted synthetic DNA ves checked by excising the 605 bp 
EcoRI-Satl fragments from several transformants and ligating them 
to K13apl9 which had been digested with the saae enzyaes. After 
transforation into £. coll strain JM101, single -stranded DHA was 
prepared and sequenced. One plasmld which contained the correct 
sequence was selected, and is referred to as pCDAlnt. 

pCD4inc was digested with ££0.R1 and and fragaent 7 

containing the 5' end of the CD4 coding region was recovered by gel 
electrophoresis. pUCCOA was digested with and fiamHI and the 

1139 bp fragment containing the remainder of the CD4 coding region 
(fragnenc 8) recovered by gel electrophoresis. 

pSVe&BKDHFR was digested with ££oRI and &ajbHX and fragaent 
9 comprising the bulk of the plasmid was isolated. Fragments 7, 8 
and 9 were ligated and the ligation alxture transformed into E. 
coll strain 294. The transformed culture was plated on aaplcillin 
media plates and the resistant colonies selected. Plaaaid DNA was 
prepared froa trans foraants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4DHFR ( and was used to direct synthesis of recombinant 
intact CD4 . 



Section 2 

A plasmid was constructed to direct the synthesis of a CD4 
derivative lacking the putative transmembrane domain and most of 
the putative cytoplasmic domain (Maddon at al . ) . This was done 
with the intention of creating a secreted form of CD4, based on the 
assumption that these domains anchor the CD4 glycoprotein to the 
cell membrane, and that their deletion would result in the 
secretion of the product. This plasmid is referred to as 
pSVeCDAANlaDHFR and was constructed es follows: 
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pUCCD4 vai digested with Sl£l *nd lAfl 1 «*d the 531 bp 
fragment (fragment 10) recovered. pUCCD4 was digested with HiaJII 
and Taa l and the 112 bp fragment (fragment 11) recovered. pUCCD4 
vat digested with BamHI and HiaHI end the 301 bp fragment 
(fragment 12) recovered. pCD4int was digested with and fiamHI 

and fragment 13 comprising the bulk of the plasmid recovered. 
Fragments 10 , 11. and 12 were ligated together with fragment 13 and 
the ligstion mixture transformed into £. coil strain 294. The 
transformed culture was plated on amplclllin media plates and 
resistant colonies selected. Plasmid DHA was prepared from 
transformants and checked by restriction analysis for the presence 
of the correct fragment. Plasmid DNA from several transformants 
was sequenced to ensure that the 195 bp Nla lll fragment had been 
deleted and that the proper reading frame was restored. The 
resulting plasmid Is referred to as pCD4ANla. 

pCDAANl* vas digested with EcoRI and fiajuHI and the 1541 bp 
fragment containing the sequence of a CD4 derivative lacking the 
transmembrane and cytoplasmic domains recovered (fragment 14) and 
ligated to fragment 9 and the ligation mixture transformed into £. 
coll strain 294. The transformed culture vas plated on amplclllin 
media plates and resistant colonies selected. Plasmid DNA, was 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pSVeCD4ANlaDHFR . 

Both pSVeCD4DHFR and pSVeClAANlaDHFR were transfected into 
CHO cells by the same method used to establish cell lines stably 
expressing HIV-1 polypeptides (Muesing, Smith and Capon, Cell 
££:6910701 [1987]). These cells were assayed for production by 
radloimmunoprecipltatlon as described belov. While no product was 
detected in initial experiments, subsequent experiments showed that 
the above described coding segment could indeed direct the 
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synthesls of a soluble CD4 adheaon variant both In CHO and 293 

cells. 



Section 3 

5 A different expression aye ten was Initially used for the 

synthesis and expression of a CD4 variant lacking coup lately the 
cytoplasmic and transmembrane domains. This system uses the 
cytomegalovirus promoter and can be used in cultured cells of human 
origin. The first pi as mid constructed for use in this system 
10 contained the entire coding region for CD4 and was intended to 

function as a control in the following studies. It is referred to 
as pRXCD4 , snd was constructed as follows: 

pSVeCD4DHFR was digested with EcoRI and BgmHT and fragment 
15 containing the entire CD4 coding region was isolated. pRiCS 
(U.S. S.N. 97,472, filed Sept. 11, 1987) was digested with EcoRI and 
BajpHI and fragment 16 comprising the bulk of the plasmid recovered 
by gel electrophoresis, llgated to fragment 15, and the ligation 
mixture transformed into E. coli strain 294. The transformed 
culture was plated on ampicillin media plates and resistant 
colonies selected. Plasmid DNA was prepared from transformants and 
checked by restriction analysis for the presence of the correct 
fragment. This plasmid is referred to as pRKCD4. 

25 Section 4 

The next plasmid constructed was designed to direct the 
expression of the above* mentioned (Section 3) secreted derivative 
of CD4. The coding region of CD4 was fused after amino acid 
residue 368 of mature CD4 to a sequence from pBR.322 which codes for 
30 9 more residues before a translation termination codon. This 

removes the putative CD4 transmembrane and cytoplasmic domains, 
which are presumed to anchor CD4 to the cell surface. The plasmid 
is referred to as pRKCD4T (and which produces protein called CD4T) , 
and was constructed as follows: 

35 
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P SVeCD4DHFR vas digested with Hull, blunted with Klenov 
fragment and the four dNTPs. and digested vith fiaiEII. The 382 bp 
fragment (fragment 17) containing part of the CD4 coding sequence 
vas recovered by gel electrophoresis. pSVeCD4DHFR was digested 
5 vith EcoRI and fi^EII and the 874 bp fragment (fragment 18) 

recovered. pBR322 ves digested vith Hlnd lll . blunted vith Klenov 
fragment and the four dNTPs , and digested vith Eco RI . Fragment 19 
comprising the bulk of the plasmid vas Isolated and ligated to 
fragments 17 and 18 and the ligation mixture transformed into £. 
10 coli strain 294. The transformed, culture vas plated on amplcillin 

media plates and resistant colonies selected. Plasmid DNA vas 
prepared from transformants and checked by restriction analysis for 
the presence of the correct fragment. This plasmid is referred to 
as pCD4Tint. 

15 

pRK5 vas digested with fisoRI and S^al and fragment 20 
comprising the bulk of the plasmid isolated. pCD4Tint vas digested 
vith fi^oRI and ££oRV and the 1410 bp fragment containing the CD4 
coding sequence to the Haall site at 1176 bp 3 ' of the initiating 

20 codon and the 154 bp HinJIII-Ec^RV fragment of pBR322 vas recovered 

(fragment 21). Fragments 20 and 21 vere ligated and the ligation 
mixture transformed into £. coli strain 294. The transformed 
culture vas plated on amplcillin media plates and resistant 
colonies selected. Plasmid DNA vas prepared from transformants and 

25 checked by restriction analysis for the presence of the correct 

fragment. This plasmid is referred to as pRXCD4T. 

Section 5fl 

In order to create a secreted form of CD4 vhich could be 
>0 purified vith an antibody directed to herpes virus type 1 

glycoprotein D. a plasmid vas constructed to express a derivative 
of CD4T in vhich the region coding for the mature, processed CD4T 
polypeptide vas fused to a sequence coding for the signal peptide 
and the first 27 residues of the mature type I Herpes Simplex Virus 
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gD glycoprotein. This plasmid is referred to as pRKCDCD4T. end was 
constructed es follows: 

pgDTrunc.DHFR was digested with Zs&Kl and £vyll and the 
5 fragment containing the coding region for the signal peptide and 

first 27 residues of the mature HSV I gD glycoprotein was isolated 
(fragment 22). pRXCD4T was digested with EfifiRI and fisj;EII « d 
fragment 23 containing the 3' end of the CD4 coding sequence and 
the pRK5 region was isolated. 

10 

Synthetic oligonucleotides CD (adaptors 1-2. below) 
containing the coding sequence of CD4 from the codon for the amino 
terminal residue, of mature CD4 to the ZlA <lte at 121 bp 3' of 
translation initiation, and containing the sequence CTCCTCGAC at 

lb the 5' end of the sense strand were prepared (fragment 24). pRKCD4 

was digested with Rsa l and Bst EII and the 665 bp fragment 
containing part of the coding region for CD4 was recovered 
(fragment 25) end llgated to fragment 24. After digestion with 
Bst EII to ensure that only monomeric fragment was present, the 724 

20 bp fragment containing both sequences was recovered by gel 

electrophoreslt (fragment 26). 

Fragments 22, 23 and 26 were ligated and the ligation 
mixture transformed into £. coll strain 294. The transformed 

25 culture wss plated on amplclllin media plates and resistant 

colonies selected. Plasmld DNA was prepared from trans fonnants and 
checked by restriction analysis for the presence of the correct 
fragment. The sequence of several transf ormants was checked to 
ensure that the synthetic insert was correct and that reading frame 

30 was preserved. This plasmid is referred to as pRKCDCD4T . 

These pRK5 derived plasmids preferably were transf ected 
into 293S cells for stable expression according to Muesing, et al. 
Cell 4ft:691 (1987) with the exception that in addition to the 
35 plasmld of Interest a plasmid expressing the neomycin resistance 
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gen. PRSV neo (Gon-n et .1. Sct.nc. 221:553-555 (1985)) v., 
Ltransfecced 293 ell- sl.o «. «.d sstlsfaccorlly as host 
ells 2 dsy. af«r transf.ction. the c.li. w.r. psss.gsd Into 
sc.nd.rd medium d:l F12/DME .upplement.d with L-glutsmine. 
penictllln-.tr.pco.ycln and 10, TBS) with 0.5 mg/ml G418 (Cncicin 
.ulf.ee; Cibco) for ..l.cclon of .obh -11 Un... r.cher ch.n in 
MdU containing methotrexate .. .hovn by Mue.ing .t .1. Cell, 
were ....yd for production of CD4 or CD4 «ulog. by r.dloimmuno- 
preclpicclon. Binding .tudies (..eclon 5c) us.d conditioned 
.up.rn.cnc. fro. th..e cell, in ch. 1:1 F12/DME medium. 
lUceri.l. used in infeccivicy ....ys (..eclon 5b) w.r. obtained .s 
described in .eccion 8 below. 



gDCD4 adaptor 1: 

CTCCTCGACCAGGCAAACAAAGTGCTGCTGGGCAAAAAACCCCATACACTGGAACTGAC 
jDCD^ adaptor 2: 

pACACCTCACTTCCACTCTATCCCCTTTmCCCCAGCACCACTTrCTTTCCCTCCTCCA 
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The following constieuces • scudy of the neutr.lir.tlon of HIV-1 
infecclvicy by soluble CD4 analogs. A modiflcacion of the 
neucr.llceion proc.dur. of Robert-Curoff ee .1.. N.tur. il&:72 
(1985) w«. followed. Equal volume, of inhibitor .upern*t.nc «d 
virus (60 microlic.r.) w.r. incub.c.d .c 4 degree. C for 1 hour. 
Chen the ..m. volum. of H9 (G.llo et .1.. Science 2Z*:500. 1984) .t 
5xl0 6 /ml w». «dd.d *nd incubation continued for 1 hour at 37 
degree. C. Following .b.orption. 2.5x10* cell, in 150 microliters 
were cranaf.rr.d co 2 ml of incubation media. Afe.r 4 days *c 37 
degree. C. the culture, were split 1:2 with fresh medi. and 
incub.ced for .n .ddiclon.1 3 d*ys. Cultures were hervested. 
reverse cr.n.crlpca*. .ctivicy w.s me.sur.d (Groopm.n .t .1.. AIDS 
Re.e.rch Mid Human R.crovlruse. 1:71. 1987). .nd immunofluorescence 
re.ctivicy wich HIV-1 po.itiv. ..rum w.» determined es described 
(Pol.sr et .1.. Proc. Acad. Nat. Sci. USA 22:7415. 1980). 
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_, r , ntl „. t , obtained fro. confluent pl.t. culture 

:~xTT^ -I. or — — « r * 

r.pleclng the growth ..olu. lncuo.tlon -el. end 
.up.rnet.nt, 2. hour, Lt.r Inhibitor .up.metent r.plec.d pert 
or .U of th. mcubetlon -die during th. f Ir.t thr.. day. of 
clcur. .. indicted In the ..cond column of Tebl. 3. Ch.ll.ng. 
oo.. of vlru. we. 100 TCID 50 <Croop«.n mz ml., eupr.) of HIV-1 
.crein KTLV-11IB grown In H9 cell, mm.my.i In th. — .y»te.. 
incub.tlon ..dl. con.l.t.d of RPHI 1640 -die confining 2-1 L- 
gluten.. 100 unlt./.l penicillin. 100 .lcrogr«./«l .tr.pt<*ycln. 
2 .icrogr^/.l polybr.n. end 20% f.tel c.lf ..ru. (K.A. 
Bloproduccs). 

Table 3 

Dilution of Indirect Reverse 
. T«mKir ft r immo fluorescence transcriptase 



aock-crans- 

fected undil.; 1:4 65.3 65.5 
mock- trans- 

fected undil.; 1:4 61.2 61.1 



CD4T 
CD4T 
gDCD4T 
&DCD4- 



undll.; 1:4 
undil.; 1:4 
undil.; 1:4 
undil.; 1:4 



0.4 18.0 

0.8 16.1 

0.4 26.8 

1.4 36.1 



21.8 23.9 

18.5 28.1 

0.11 5.94 

0.15 3.72 

0.14 9.92 

0.23 11.3 



40 



Both fonts of soluble CD4 virtually abolished the growth of 
HIV-1 when incubated with vims-infected cells without prior 
dilution (Table 2). At a dilution of 1:4 the soluble CD4 
preparations were only partially effective in inhibiting virus 
growth, bovver the level of fluorescent -positive cell, and reverse 
transcriptase vas still significantly lower than cultures receiving 
mock-transf.cted cell supernatant. (Table 2). Since there was no 
significant difference in virus growth between diluted -and 
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„.plibl. for *. -uclU-'l" .f HIV.! lf.«t~ .£ m «.IU. 
SnrntCT 5c 

To determine ch. affinity constant for Interaction, between 
^20 end CD4 or CD4 variant,, .aturatlon binding an.ly.l- 
10 Tarried out with .olubl. C04 labial and detergent .olublllz.d 

intact CD. (La.*y « al. Cell 5P.:975 [1987]) -ploying 
radloiodinaced gpl20 labeled with lectop.roxida,. . Binding 
reactions consisted of l»I-«pl20 (3 ng to 670 ng. 2.9 nCi/ng) 
incubated for 1 hour at 0 degree. C with ceil ly.at.s containing 
15 intact CD* (UsVcey et al.. o^.) or cell 

containing unlabeled CD4T or gDCD4T prepared a. described in • 
section Sa Reactions (0.2ml) had a final composition of 0.5X 
HcDougal Lysis Buffer (McDLB) (1 x HcDLB containsO.5 % Honidet NP- 
U0 0 2% Na deoxycholate. 0.12 ti NaCl. 0.02 H Trl.-HCl. pH 8.0) and 
20 were performed in duplicate, both in the pre.ence or ab.enc. of 50 

microgram, of unlabeled purified gpl20 (74 fold or greater exc..«>. 
Following incubation. bound gpl20 wa. ou.ntlt.t.d by 
iasunopreclpltation and counted in * g«»* counter. For 
^.precipitation, binding reaction solution, were pre.b.orbed 
25 with 5 microliters of normal rabbit ..rum for one hour at 0'C. and 
cleared with 40 microliter, of Paworbin (10 % w/v. C.lbloch.m) for 
30 minute, at 0 degree. C. Sample, were then incubated overnight 
at 0 degree. C with 2 microliter, of normal .arum or 5 microliter. 
(0 25 microgram) of 0KT4 monoclonal antibody (Ortho) followed by 
30 collection of immune compl.xe. with 10 microliter, of Pansorbin. 

Precipitate, were wa.h.d twice In IX HcDLB and once In water, then 
.luted by .luting at 100 degree. C for 2 minute. In .ample buffer 
(0 12 K Trl.-HCl pH 6.8. 4% SDS. 0.7 H »ercaptoethanol . 20% 
glycerol, and 0.1% bromophenol blue). CD4 molecules were bound 
35 s.turably by gpl20. and yielded a simple ma«. action binding curve. 
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o.macancs from moclc-cransf.ct.d c.lls gave a 1—1 •« 
" 1... than U ch.c fo~d for .up.™ 

U ~. Scatcnard -ly.l. -..I- . -insl. c - 
of binding .ices on .ach -ol.cul.. with apparent dl..o latlon 

,«d» of 1 3 x 10-9 H . o.83 x 10'' K and 0.72 x W» K for 
constants (Kd) ot i.j x - • • - * - 

incct CO.. CD4T and gDCD4T , re.p.cclv.ly . Th. valua. obcain.d for 
ZZuo binding In .oludon ar. comparabl. co ch. affinity 
piously -asur.d for gpi20 binding co CI* on -hole cell. (Kd-4.0 
x 10' 9 H. Lesley. Call. SUBIA) . 

5 " rPl ° n J B oroe r to produce .ecreted derivative, of CI* which are 
free of extraneous amino acid re.ldues. tvo pla«lda were 
constructed for expression In 293 cells. Tb. plas-ld. contain CI* 
g .nes which have been truncated without th. addition of extra 
residues, end are referred to as pRKCD^l. and pRKCD4TP (and vhlch 
produce proteins called CD4TP and CD4AN1.) . and -ere constructed a. 
follows : 

Fragment 14 containing the CI* g.ne with th. 195 bp fil#.IU 
restriction fragment d.l.t.d v.s Ug.t.d to fr.g-nc 16. which Is 
pRKS digested with and fiaaHI. The ligation .Ixtur. was 

crensform.d Into £. coll strain 294. the cr.nsfor»«d cuicur. pUt.d 
on ampicllUn media pl.t.. and r.sistant colonl.s ..l.ct.d. 
Plasmid DNA was pr.par.d from transformants and ch.ck.d by 
restriction analysis for th. pr.s.nc. of th. corr.ct fr.gm.nt. Th. 
resulting plasmid is r.f.rr.d to as pRKCD4ANla. 

Synthotic DMA (5'CCT CAT ACA ACC TTT CTA CAG 3') was mad. 
co attach to th. Hull site at U76bp and which when so accach.d 
would terminate translation after amino acid r.sidue 368 of mature 
C04 (fragment 27). The oth.r .nd of this fragment wa, d.slgn.d to 
llg.c. to fiafflHI restriction fragm.nts. pUCCI* was dlgest.d with 
UXEII and UmII and the 382bp fragm.nt containing part of th. CD4 
gen. was recovered (fragm.nt 28). Fr.g».nt, 27 and 28 w.r. ilg.c.d 
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29). 



5 .- — 



pRK CD4 wa, dlg.sced vtth itfll «d fi«HI .nd che fr.g.«nC 

Ug.ce, co fr.gn.enc 29. The ligation .Ixture wa. cr.nsfor.ed n o 
r con strain 29.. che cr.nsfor.ed culture pl.t.d on -plelllln 
ffle «I. Pisces end r.sl.cnc colonies .elecced. PU»ld DNA ... 
prepared fro. cransfonsanc. «d checked by restriction .n.ly.1. for 
th. presence of the corr.cc fr.g..nc. The resulting pl...ld . 
referred co as pRKCWTP. Boch pUs-id. .re cr.nsf.cc.d Into 293 
cells co generace scable varl.nc CD4- expressing cell lines as 
described above. 



15 



S"-Han 7 

Two plasaids were conserved Co dlrecc th. expression of 
..creed CD4 lacking .xcran.ou. ..too acid re.ldue. In CHO c.ll.. 
20 These are referred co as pSV.C^laSVDHFR and pSV.CD4T?SVDHFR (.nd 

which encode proc.lns h.vlng th. priory sequence of CD4AH1. .nd 
CD&TP) , *nd vere conscrucced as follows: 

pE348HBV.E400D22 «•» dlgesc.d wlch Eajl .nd fisfiRI &nd the 
25 fr.gmenc concalnlng che SV40 e.rly pro-oc.r «nd p.rt of che p- 

lacca^se gene was recovered (fr.g-.nt 31). pE348HBV . E400D22 was 
dlgesced wlch Pvul .nd BjbHI and th. Urge fragment containing the 
balance of che p-lecc^s. gen. .. well a. th. SV40 ..rly prcocer 
and che DHFR gene was Isolaced (fragnenc 32). 

Fragmencs 31 and 32 were llg.ced cogether wlch fragmenc 14 
and cr.nsfor.ed Inco £. coll scr.ln 294. The cr.nsfor.ed culcure 
was placed on wplclllln .edl. pl.c.s .nd resiscanc colonies 
.elecced. PU.ald DNA was prepared fro. cr.nsfons.ncs .nd checked 
35 by rescrlcclon analysis for che presence of the correcc frag»enc. 
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ltJa| plaaaid U r.f.rr.d co .. pSVECD^USVDHFR. IhU 
^ t DHA fr.gm.nt encoding th. .olubl. CD4 

molecule found In tne 
(Section 2) . 

pRKCD4TP w.. dlg..t.d with fi^RI -d **X «d ch. fr.g~*t 

fining th. crunch CD. coding r.gion wa. l.ol.tad «d lig.t.d 
confining th. * ^ tran , foraed tot0 

„«u f .«. 4 U» CBO ..11. «- «PU«. 4 tr m£ .«»c. ..Led b, 
.«,«««• "tnt c.o~ntl~«l pr.c.dur... 

Fualon. of th. V r.gio« of th. CD4 g.n.. which i. 
homologoua co th. v.rlabl. r.gion of immunoglobulin g.n.. (r.f 
Maddon .c 1. 1985). to th. con. tint (C) r.gion of hu».» 
ijnunoglobulln * «d 7 2 chain. «r. conatruct.d a. follow.: 

Synth.tic DNA i. -.d. to cod. for th. C r.gion of human a 
chain (r..idu.. 109-214) baa.d on th. ..qu.nc. publi.h.d by Korin 
.c .1 Proc. N.ci. Acad. Set. 8*7025-7029. with th. .ddltion at 
th. 5 .".nd of th. coding .tr«d of th. ..qu.nc. COCG. which .How. 
thi. fr.gm.nt to b. lig.t.d to th. .it. .t th. .nd of th. 

putatlv. V.llk. r.gion of CD4. At th. 3' .nd of th. coding r.gion 
a cran.Ution.1 .top codon i. .dd.d .. -11 « • « *** 

allow, thi. .nd to b. lig.»d to fi«nl r.strlctlon fr.gm.nts Th. 
.ynth.cic OKA i. «.d« in 8 fr.gm.nt.. 4 for ..ch «tr.nd. 70-90 
b.... long. Th... .r. than .llow.d to .nn..l .nd lig.fd prior to 
laolation on a poly.cryl.mid. g.l <fragm.nt 33) . 
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..,«!., ch. t.«l.n "dlnj for th. puutlv. V-Ute 

l " i «» 4 pu " u l * pc " 

Teh. oorroor ^. cuUfn, *_U 1. r.f.rr.d c. 

pRKCD^Ck. 

A plas.id encoding . fusion of che CD4 V-Ulce do«aln to the 
huaan i^unoglobulin C,2 region is constructed in e ai-lUr 
fashion, end i. referred to e. pEKCD4C 7 2. Both of th... pi—- 
are tr.nsf.cted into 293 cells, a^elo-s cell, or other content 
ceU , in order to obt.in cell line, expressing variant CI* 
aolecules .s described above. 



The gDCWT s.cr.t.d by th. ».thod of EwU 1 v.. purlfi.d 
froa cell culture fluid confining eith.r 10% FBS (f.t.l bovine 
.eru.) or no .dded FBS. The conditioned c.ll culture fluid we. 
ftrs. concentrated by ultrafiltration then purified. by 
l.nunoafflnlty chrc.cogr.phy . The i-unoaffinity column wa. 
produced by coupling -urine .onoclonal antibody 5B6 (who., epitope 
1. on th. HSV-1 gD portion of the gDCWT .UeuU) to glyceryl 
coated controlled pore gles. by the -ethod of Roy .c «!.. 1984. 
The concentrated c.ll cultur. fluid is .ppU.* Erectly to the 
column snd th. contaminating protein, .r. waah.d away with nautral 
pH buff.r. Th. column is th.n wa.h.d with neutral buffer 
containing c.trem.thylammonlum chloride followed by neutral buff.r 
containing Tv..n 60. Th. bound gDCD4T i. .lut.d fro* th. colunn 
with buff.r et pH3 containing T-.en 80 (0.1» w/v) and is 
neutrellzed i»edi.t.ly es it 1. .lut.d. Th. .lut.d neutralised 
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g DCD4T I. ch.n concentrated by ultrafiltration and 
dialyz.d/dlafilt.r.d to exchange the buffer for a physiological 
•ale .olutlon confining Thid 80 at approximately 0.1% w/v. 

5 jf ch « detergent is not present the gDC04T forma aggregates 

as evidenced by the ability of centrifugation at approximately 
10.000 Xg for 2 minutes to remove the gDCD4T from the solution. 
Incubation of gDCD4T at 4'C in 0.1K sodium acetate. 0.5M NeCl and 
0.25K tris at pH 7 together with BSA, Tween 80 or glycerol as 
10 candidate stabilizers showed that, in the abaence of a stabilizer 

the gDCD4T gradually aggregated over the space of 12 days to the 
point where only about 60-70% of the protein was soluble. However, 
use of 0.1% w/v Tween 80 or (0.5 mg/ml BSA ensured that about 100% 
or 80%. respectively, of the gDCD&T remained soluble over this 
period. Surprisingly glycerol was ineffective as a stabilizer and 
produced results inferior even to the control -at 8 days about 80% • 
of the g0CD4T was aggregated when stored in the presence of 
glycerol. 

Plasmids were constructed to direct the expression of 
proteins containing differing lengths of the amino -terminal, 
extracellular domain of CD4 fused to the constant region of human 
Immunoglobulin 7 1. These plasmids are referred to as pRKCD4 27 i. 
25 pRKCD4 e&7l . pRKCD4 27 l. pWCCD4. 27 l. pRKCD4 l7l . and pRKCD4 el7 i . 

Plasmid pRKCD4 ft7 i contains the portion of the CD4 gene from 
the initiation codon to the fusion site after the codon for serine 
reside 366 of the mature CD4 polypeptide, immediately followed by 
30 the sequence coding for the constant region of human immunoglobulin 

7I. atartlng at the codon for serine residue 114 of mature human 
immunoglobulin -rl (Rabat ee al.). 

Plaamld pRKCD4,4 7 i contains the portion of the C04 gene 
35 from the initiation codon to the fusion site after the codon for 
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lysln. residue 360 of che mature O* polypeptide. Immediately 
followed by the eequenc. coding for the constant region of human 
Immunoglobulin Tl. .tartlng at the codon for eerln. r.aldu. 114 of 
mature human Immunoglobulin 7I (Kabac ec al.). 

5 . 

Plaemld pRKCD4 27 l contalna the portion of the CD4 gene from 

the initiation codon to the fualon alt. after the codon for 

glutamic re.idu. 180 of the mature CD4 polypeptide. immediately 

followed by the eequ.nce coding for the constant region of human 

10 immunoglobulin 7I. .tartlng at the codon for serine residue 114 of 

M cure human immunoglobulin 7I (Kabat ec al.). 

Plasmid pRXCD4 e27 i contains the portion of the CD4 gene 
from the initiation codon to the fusion site after the codon for 
15 leucine residue 177 of the mature CD4 polypeptide. Immediately 

followed by the sequence coding for the constant region of human 
immunoglobulin 7I. starting at the codon for serine residue 114 of 
mature human immunoglobulin 7I (Kabat ec al.). 

20 Plasmid pRKCD4 l7l contains the portion of the CD4 gene from 

the initiation codon to the fusion site after the codon for 
aapartic acid residue 105 of che mature CD4 polypeptide, 
immediately followed by the sequence coding for the constant region 
of human immunoglobulin 7I. acarting at the codon for serine 

25 residue 114 of mature human immunoglobulin 7I (Kabat at al.). 

Plasmid pRKCD4 #l7 i contains the portion of the CD4 gene 
from the Inltlstlon codon to the fusion site after the codon for 
leucine residue 100 of che mature CD4 polypeptide, immediately 
30 followed by the sequence coding for the constant region of human 

Immunoglobulin 7I. atarting at the codon for serine residue 114 of 
mature human immunoglobulin 7I (Kabat ec al.). 
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Con.tructlon of these plaamld. required the prior 
construction of plesmld pRKCD4TP/7l- It was constructed as 
follows : 

A cDHA clone coding for human lamuno globulin yl was 
obt.ln.d fro. . human .pleen cDNA library (Clont.ch Ubor.tori... 
inc ) using oligonucleotide, bee.d on the published e.quence 
(Ellison ec .1., "Nucl. Acids Re.." 12:4071-4079 (19821). end en 
EcaRl-fiagI fragment (the EfifiRI -If was contributed by . linker; 
.ee Fig. 4..b) contelnlng pert of the variable end .11 of the 
consent region was obtained. This fragment was blunted with 
Klenow fragment, end recovered by gel electrophoresis (Fragment 
el). 

Plasald P RKCD4TP-Wc. encoding e substitutional variant of 
soluble CD4 (residues 1-368) containing a lysine reeldue Insteed of • 
a.p.r.gln. *t position 1 of the metur. polypeptide, v.. constructed 
froa pl.snid pRKCD4TP by slce-dlrecced catagenesis. A synthetic 
oligonucleotide was made es e primer for a mutagenesis reaction to 
obtain the desired coding sequence. Thle was synthesized as a 51- 
»er which contained two silent mutations from the natural aequence 
In eddltlon to the substitution mutation, and 21 bases on each aide 
of the mutated eodons : 

5'- CCC TTT TTT CCC CAC CAC CAC CTT CTT GCC CTC- 
ACT CCC TCC TCC CAC CAC -3* 

Plasmld pRKCD4TP was transformed Into E. coll strain SR101 
and the transformed colonies pleted on amplclllln media plates. 
Resistant colonies were selected and grown In the presence of 
«13K07 helper becterlophage to yield secreted, encapsldated single- 
stranded templates of pRXCD4TP. The single-stranded plesmld DNA 
was Isolated and used es the template for mutagenesis reactions 
with the synthetic oligonucleotides described above as primers. 
The mucegenesls reectlon was transformed E. coll SR101 end the 
transformed culture plated on amplclllln media plates. 
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Tra«.for«nc. w.re .cr..n.d by colony hybrldizaeion (ref. 

Crun .c.ln-Hogn.») for th. pr.-.nc. of eh. approprLe. ..q«.nc.. 

u.ing th. following 16 ■« »» th. prob.. 
5'. C CAC CTT CTT GCC CTC -3* 

Th. hybridix.eion condition., chos.n w.r. .off Icl.ntly scring.nt 
that th. prob. only dat.ee. th. corr.ctly fus.d product. Colon!.. 
ld.ntlfl.d .. po.itlv. v.r. ..l.ct.d .nd pl«-td DHA was isol.e.d 
, nc craM for».d into £- coll .tr.ln SR101. Th. cr.nsfor.ed 
culcur.. were pLced on -pielllta m*U pUt... .nd re.i.canc 
colon!., wore ..l.ct.d and grown In th. pr...nc. of .13*07 
b.ct.rloph.ge. T.mpl.c.s were prepared .. .bov. .nd .cr..n.d by 
sequencing. 

Plas.id pRKCD4TP-kk was dlg.st.d with Xb.I .nd tr.aced with 
Kl.nov Enzye. .nd Fragment .2. containing th. linearized plas.id 
wa. r.cov.r.d by g.l .l.ctrophor..is. and ltgat.d wlch fr.g..nc al. 
Th. ligation nixcur. wa. cr.nsform.d Into E. coll .tr.tn 294, th. 
trsnsfor».d cultur. pl.t.d on «piclllin -dl. pl.t.. «nd ra.i.cenc 
colon!.. ..l.ct.d. ?ie.»ld DHA wa. pr.par.d fro. th. cransformancs 
.nd ch.ck.d by r..crlctlon .naly.i. for eh. pr...nc. of eh. corr.ct 
fr.g».nt in th. corr.ct orl.ne.clon (I.... eh. l-mmoglobulin 
coding r.gion in eh. .... ori.ne.eion a. eh. CD4 coding r.glon. and 
at th. 3' .nd of th. CD4 coding region). This pl..mid Is r.f.rred 
to as DRKCD4TP/7I. 

Syneh.tic ollgonucl.oeldos w.r. Md. «s prl..rs for 
dal.eional .utag.n..i. r.«ctions to fua. eh. .pproprl.c. coding 
s.qusnc.s of IgGl .nd CD4 a. d«scrib.d abov.. Th... w.r. 
synth.siz.d a. a8-«.rs co«prislng 2U nucl.ocid.. on ..ch .id. of. 
th. d..ir.d fusion .it. (1.... corresponding to th. COOH-censlnal 8 
re.idu.. of eh. da.ir.d CD4 .oi.ey. and ch. NH 2 -terminal 8 r.sldu.s 
of ch. da.ir.d UBunoglobulln .oi.ey). rias.id pRKCWTP/ii was 
crensforwd into E. coli str.in SR101 «nd th. transformed culcur.s 
pl.t.d on «piclllln ..dla places. Reslscant colonies were 
••l.ct.d .nd grown in th. presence of .13K07 helper b.cteriophage 
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c yl.ld ..cr.«d. .ncp.ldat.d .ingl.-.tr.nd.d f«pUt.. of 
P8KCD4TP/,!. Th. .lngi.-.tr.nd.d pi— id DNA wu l.ol.fd .nd u..d 
„ th. c«pl«. for .ut.g.n..l. taction, vlth th. .ynth.tic 
ollgonucl.otid.. d..crlb.d .bov. prl».r.. Th. -«t.g.n..i. 
r..ctlon. *«. tr.n.fon..d t. coll SR101 «d th. tr«ufor-d 
cultur. pUt.d on «plclllin -dl. pUe... Tr«-for«nt. ~r. 
,cr..n.d by colony hybrldlx.tlon (r.f. Crurutoin-Hogn...) for th. 
pr...nc. of th. .pproprl.t. fu.ion .It.. u.ing Iter. " prob... 
Th... 16-r. co«prl.. 8 b.... on .Ith.r .Id. of th. fu.lon .It., 
.nd th. hybrldlx.tlon condition. cho..n w.r. .ufflcl.ntly .trlng.nt 
th.t the prob.. only d.t.ct th. corr.ctly fu..d product. Colonl.. 
W.ntlfl.d .. po.ltlv. v.r. ..l.ct.d .nd pl..«ld DNA v.. l.ol.t.d 
.„d cr.nxfonn.d into E. coll .tr.ln SR101. Th. tr.n.for*.d 
cUltur.. v.r. pl.c.d on .aplclllln ».dl. pl.t... «d r..l.cnt 
colonl.. v.r. ..l.ct.d .nd grown In th. pr...nc. of .13K07 
b.ct.rloph.g.. T.mpl.t.. wr. pr.p.r.d .bov. .nd .cr..n.d by 
••qu.nclng. 

Th. pl..mld. w.r. tr«uf.ct.d Into 293 e.ll. u.lng .t«nd*rd 
proc.dur.. .nd ....yd for .xpr...lon «nd production .. d..crlb.d 
.bov. . 

p™r«...d S«er.t.d 



pRKCD4 l7l 

♦ ♦ 



pRXCD4, 27l 



pRKCD4 27l 
pRXCD4, fc7l 



pRXCD4 47l 



♦ ♦ 



PLMld. .l.o v.r. conatruct.d to dlr.ct th. .xpr...lon of 
fu«ton prot.ln. containing dlff.rlng l.ngth. of th. «.lno-t.r.ln.l. 
•xtr.c.llul.r domain of CD4 fux.d to th. trunc.t.d portion of th. 
conxcnt r.gton of hua-n lonunoglobulln yl. comprl.lng only th. 
hlng. r.glon .nd eonxt.nt domain. CH 2 and 0*3. 
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Synth.tlc oligonuci.otid.. were made as primers for 
.uc.g.nesl. reaction, co dale*, che l.o.unoglobulin sequence fro. 
S .rll4 co CV.215 incisive (Ksb.c et «!.). Th... were synthesized 
. s 48-.ers co.prl.lng 2. nucleotide, on ..ch aid. of ch. de.lr.d 
fujle « .it. (!••• • corro.pondlng to ch. COOH-t.r.lnal 8 re.ldue. of 
che desired CD* .ol.ty. and Che NH 2 -t.r«inal 8 residue, of ch. 
d..lr.d Immunoglobulin moi.cy) . PL*.". pRKCDA fc7l . pRKCD4 27l end 
pRKCD^i-,1 -r. separately cr.nsfon.ed Inco E. coll .train SR101 end 
1. tran.for.ed culture plated on as*iciUln media plates^ 
Resistant colonies were ..l.ct.d and grown In the pr...nc. of 
.13K07 helper b.ct.rloph.g. to yield secreted, encap.ldat.d single- 
scranded template, of the.e plas.lds . The .ingle-. trended piesmld 
DNA vas isolated and used a. the te.plate for mutagenesis reactions 
with the synthetic oligonucleotides described above a, primer.. 
The .utagenesis reactions were transfor-ed E. coll SR101 and the 
cr.nsfor..d culture plated on a. P lcillin ..dl. plates. 
Transforms were .cr.en.d by colony hybridization (Grunst.in- 
Hogness) for the presence of the appropriate fusion site, using 
16»er. as probes. These lte*» comprise 8 bu.. on either side of 
the fusion site, and the hybridization conditions chosen were 
sufficiently stringent that the probes only detect the correctly 
fused product. Colonies identified as positive were selected and 
plasmld DNA vas Isolated and transformed Into E. coll strain SR101. 
The transformed cultures were plated on amplcillln media plates, 
.nd resistant colonies were selected and grown in the presence of 
.13K07 bacteriophage. Te«plates were prepared as above and 
screened by sequencing. 

The plasnld derived fro. plasnld pRKCD^i is referred to 

as pRKCD4 aFcl . that derived fro. plas.ld pRKCD4 27l is referred to 

as pRKCD4 2Fcl and chac derived fro. plas.ld pRKCD4 l7l Is referred 
co a. pRKCD4 1Fcl . 
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pRKCD4 2Fcl . pRKCD4 lFcl .nd pKKCD4 4 Fcl are culcur.d In ch. 
.„e fashion a. de.crlb.d above .nd CHi-delated CI* tn.uno.dhe.on. 
recovered •* de.crtbed el.evhere herein. 

Tlrtir Quia EaaicM 

PL.mld. were constructed to direct the expre..ion of 
protein, cont.lning differing length, of the «lno terminal. 
extr.c.Uul.r domain of CI* fu..d to the consent region of hu».n 
tnnrunoglobulin a. The.. pU-id. «. referred to .. pRKCD4 4 «. and 

pRKCD4 eil<t . 

Pleemid P RKCD4 4(t contain, the portion of the CD4 gene fro. 
che initiation codon to the fusion .ite .fter the codon for .erlne 
residue 366 of the mature CD4 polypeptide, i— diafly followed by 
che sequence for the constant region of human immunoglobulin «, 
st.rting st the codon for chr.onine residue 109 of the nature human - 
Imnunoglobulln *. (Kabat ec .2.) 

Pleemid pRKCD4 e4< contain, the portion of the CI* gene fro. 
che lnltl.tlon codon to the fusion .It. .fter the codon for ly.ln. 
residue 360 of the same CD4 polypeptide, im.edl.tely followed by 
the sequence for the constant region of human immunoglobulin a. 
starting at the codon for threonine residue 109 of the -cure human 
immunoglobulin a. (Rabat ec al.) 

These pleamlds were constructed In • manner analogous to 
plasmlds pRKCI*4 7 l *«d pRKCD4.4 7 l de.crlbed ..bove. with the 
following exception: 

The hum»n Immunoglobulin a coding .equence (Fig. 5) was 
obtained fro. e human spleen cDHA library (Clontech Laboratories. 
Inc.) using oligonucleotides based on the published sequence 
(Hleter. P. A. et ml.. Cell 22:197-207 [1980]) and an EcoU-isSUl 
fragment containing part of the variable region and the entire 
constant region was obtained (see Fig. 5). This fragment w.s 
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biunted with KUnov fr.g-.nc .nd ch. four dKTP.. Thi. fr.g-.nc we. 
u..d Itute.d of fr.g»enc .1. .nd w.. u..d co coiutrucc pl..-ld 
pRKCD4TP/hx • 

E^.^nn 1 tT cho cella 

Plea-Id. v«r« or .re conatructed co dlr.cc Che expre.«lon 
of che fBuno.dhe.ons described ebov. in CHO cell.. The.e .re 
referred to .« pSV.CD4 47l SVDHFR . pSV.CD4 27l SVDHFR. 
P SVeCD4 l7l SVDHFR. P SVeCD4. 47l SVDHFR . pSV.CD4. 27l SVDHFR. 
pSV.CD4 el7l SV0HFR. pSV.CD4 4Fcl SVDHFR. P SVeC04 2Fcl SVDHFR. 
P SVeCD4 1Fc iSVDHFR. pSVeCD4 4< SVDHFR .nd pSVeCD4 2(e SVDHFR. 

Fragaenc 31 was prep.r.d .. described above. Frag-enc 32a 
we. prepared by dlge.clng pi— Id pE348HBV.E400 D22 with b-HX. 
blunclng wich Kl.now frag-enc and Che four dNTPs , Chen dlge.clng 
wich 2ajl and l.o lacing che large frag-enc conclnlng Che b.lance . 
of che 0-laccaaase gene and Che SV40 early pro-ocer and che DHFR 
gene. Plas-lds pRKCD4 47l . pRKCD4 27l , P RKCD4 1t1 . pRKCD4 e47l . 
pRKCD4 e27l> pRKCD4 el7l , pRKCD4 4Fcl , pRKCD4 2Fcl . pRKC04 1Fcl , 
pRKCD4 4)t and pRKCD4 2(l w.re s.p.r.c.ly digested with Uiadlll, 
blunted with Klenow fr.g-ent .nd th. four dNTPs, then digested with 
EeoRI .nd the fr.g-.nts encoding ch. CD4-lg fusion proc.ln were 
l.ol.ced. The re.ulclng DNA fr.gaenc. were llg.ced together with 
fr.g-ents 31 and 32a and transforaed inco E. eoU .er.in 294. 
Colonies were selecced .nd checked for che presence of Che correcc 
plM-ld as above, chen cr«nsf.cced lnco CHO cells «nd «npllfled by 
aechocrex*ce selecclon using convenclon.1 procedures. 



30 frileurg Pu r <f^iiclon fcrmileclon of CD4 variants 

PlM-lds encoding soluble CD4 adheaona auch as CD4T, CD4TP, 
or soluble CD4 la-unoedhe.ons were calclu- phosphace cransfected 
lnco CH0-0P7 (a prolnsulln-eransforaed aucocrlne hose cell derived 
35 fro- CHO; U.S. S.N. 97,472) and che cransfor-anc. grown In aelecclve 
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..diurn (1:1 HAM F12/OMEM CHI' containing 1 - 10% dlafllt.r.d or 
d y J bovine .erum). Other suable host cell, are CHO cell, or 
29 3S hu~n embryonic ^ -11.. The transfers were 
a»plifl.d by methotrexate ..lection In che same medium but 
containing 500 n. methotrexate. X "subclone capable of secreting 
Ct*TT «*tp 500 b. wa. ..l.cced. CD*tp 500 b 1. cultured In . 
DMEM/HAM F12 medium .t -bout 37'C until CD4TP accu-ul.ee. In the 
culture, after which the medium i. separated fro. the cells and 
insoluble matter by centrifuging . 

Culture fluid from CD4TP transforms was concentrated and 
diafiltered to lower the ionic strength. The concentrate we. 
passed through a large volume of Q-Sepharose anion exchange resin 
(previously equilibrated with 25 mM H.C1. P« 8.5) in order to 
a4fi orb contaminants from the culture fluid. The isoelectric point 
of CD4TP is about 9.5. thus making it possible to discriminate . 
between truncated forms of CD4 and most contaminant, by alternate 
adsorption, respectively, on a cation exchange resin .uch a. 
carboxymethyl or aulfonyl Seph.ro... .nd an anion exchange r.sltt 
such as quaternary ammonium Sepharo.e. In addition, .inc. highly 
electropositive dom«ins ar. pr..ent in the extr.c.llul.r ..gm.nt of 
CD4 any CD4- containing variant i. purified in the same fashion as 
CD4TP. The unadsorbed culture fluid from the anion exch«ige resin 
seep was then passed through a cation exchange resin (previously 
equilibrated with 25 mK HaCl at pH 8.5) whereby CD4TP wa, adsorbed 
co che resin. The CD4TP was eluted with a NaCl gradient at pH 8.5. 
this C04 variant eluting at about 0.2 M NaCl. Ammonium sulfate was 
added to the eluate to a concentration of 1.7M and the solution 
passed through a column of hydrophobic interaction chromatography 
resin (phenyl or butyl Sepharose) . The CD4TP was eluted from the 
hydrophobic interaction column with a gradient of ammonium sulfate, 
the CD4TP emerging at about 0.7M ammonium sulfate. The eluate was 
concentrated and buffer exchanged on a C- 25 column using phosphate 
buffered saline containing .02 % (w/v) Tween 20 or Tween 80. The 
CD4TP was soluble and stable In this solution, which was sterile 
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glycol. 

Xt Is .l.o possible to .-ploy i-uno.fflnlcy purlflc.cion 
of soluble CD4 wherein ch. CD4 1- .curbed onto .n l-obllir.d 
.ntlbody egelnst CO.. This -chod .uff.r. fro. ch. dl..dv.nc. g e 
T. JLL of ch. .olubl. Q» under .cldlc condition, l..de co 
prot.ln . g gr.gaclon chec U only thoroughly -Uor.c.d .c 
rel.tlv.ly higher 1ml. of .urf.cc.nc. The foregoing procedure 
permits Che u.e of cuch lower q uencltles of surf.ccenc. .bout fron 
0.01 to 0.10 % (w/v) surf.ccenc. 

The procedure followed for che purlflc.cion of CD4 fusions 
wlt h immunoglobulin h.evy ch.in wes co conc.ncr.ce r.comblnent . 
supernatant, by ulcr.f llcr.cion .nd thereafter edsorb Ch. fusion 
onto resin- ian.obilized Staphylococcal protein A. The fusion we, 
.luted wich 0.1K citrete buffer pH 3 with no ..It or detergent. 
This preper.tlon i. buffered into Tris buffer et pH 7.5. The 
innsuno g lobuli» fusions with CI* V1-V4 optlonelly .re further 
purified by the procedure described ebov. for unfu.ed CD4 variants. 
CD4 immunoglobulin fusions with CI* V1-V2 elso may be purified by 
the procedure ebove . except that it is not .xpect.d ch.c the 
isoelectric point of this clu. of molecules will be es elkeline es 
chat of species containing .11 four V r.gions of CD4. 

The ch.r.ct.rlstic. of ..v.r.l .dh.son v.riancs were 
determined. As shown in C.ble 4 the imaunoedhesons CK Ull «d 
CD4 27l show proved pluH h.lf-lif in r.bblcs. coupled with 
high-effinity gpl20 binding and .n .ffinicy for Fc 7 r.cepcor 
(decensined with U937 cell.) th.t Is comp.r.ble co ch.t of bulk 
human IgCl. 
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gpl20 KD (nH)* 



Table 4 

Fct* KB (nM)+ 



Pluu Half-Life* 



CD4T 5 
CD4a 7 l 

human IgGl 



2.3 ♦ 0.4 
1.2 ± 0.1 

1.4 ± 0.1 



ND 



Not detected 

2.83 ± 0.25 
3.01 ± 0.68 
3.52 ± 0.5 



0.25 
6.4 
40.6 

21 daye* 



* determined In human* 

* KD «a. determined by the method of Andar.on at ml.. J 
Immunol.- 121:^35-2741 (1980). 

* determined by the method of Smith at al.. "Science- 211:1704.07 

(1987). 
§ residues 1-368 only 

presence of the edheeon variant. 
*+ Hot done. 
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CUlu 

i. 



2. 



3 



4. 



7. 



N«el.lc acid .needing so .mino .cid sequence variant of an 
adheson. 

The nucleic .old of cUl- I -herein th. .dh..on 1. . CD. 
polypeptide . 

The nucleic .cid of cl.l. 2 wherein th. variant 1. . CI* 
polypeptide U which nucleic .ctd .ncoding the tr.n~e.br.ne 
aomaln h.s been modified whereby the CD4 polypeptide encoded 
thereby contains .n Inactivated cr.ns.ea.brwe domain. 

The nucleic acid of claim 3 wherein the transmeofcren. domain 
ha , been ln.ctiv.ced by it. deletion or by .ub.ticuting for 
che transmembrane domain .n .mino .cid .equenc. having . 
substantially hydrophillc hydropathy profile. 

The nucleic acid of claim 2 wherein the variant co«prl... a 
fusion of (a) • polypeptide different fro. th. CI* and (b) a 
CI* polypeptide. 

The nucleic acid of claim 5 wherein the polypeptide different 
fro. the CI* bears a non-CD4 immune epitope. 

The nucleic acid of claim 6 wherein th. polyp.ptld. different 
from CI* 1. fused to th. amino or carboxyl terminus of mature 
CI* and the transmembrane domain of CD4 ha. been inactivated. 

The nucleic acid of claim 5 wherein the different polypeptide 
comprises a signal sequence. 

The nucleic acid of claim 5 wherein the different polypeptide 
contains about from 5 to 1000 residues. 
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10 Th. nuel.lc ecld of clela 9 wherein th. different polypeptide 
t, capable of eliciting . huaoral laaune response In en 
enlaai. 

11. Th. nucleic ecld of clala 10 wherein the different polypeptide 
Is t vlrel polypeptide or en ellergen. 



12. 



The nucleic ecld of clela 5 wherein the different polypeptide 
t, e huaan plesa* protein having e plaeaa half life greater 
then froa which the transaeabrene domain h*» been deleted. 



13. The nucleic ecld of clelm 12 wherein the verient Is e fueion 
of e polypeptide coeprlslng et leest one V-llke dome In of CD4 
fased with e polypeptide comprising en laaunoglobulin constant 

15 domain. 

14. The nucleic ecid of clela 1 wherein the edheson Is CD4. CDS or 
the high efflnlcy IgE receptor. 

20 15- The nucleic ecld of clela 2 wherein the verient consists 

essentlelly of the V t through V 6 or V x through V 2 regions of 
the CD4 entlgen. 

16. The nucleic ecld of clela 2 which consists essentlelly of the 
25 CM Insert of pCDAANla. 

17. The nucleic ecld of clela 12 wherein the different polypeptide 
Is elbualn, epollpoprotwln or transferrin. 

30 16. The nucleic ecld of clela 8 wherein the slgnel sequence Is e 

becterlel slgnel sequence. 

19. The nucleic ecid of clela 15 wherein the verient consists 
essentlelly of CD4 residues 1-368. 

35 
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20. Th. nucleic «ld of claim 15 vh.r.in the variant consists 
e.s.ntl.lly of C04 re.ldua. 1-180. 

21 Th. nud.le acid of cUU 13 vh.r.in th. l-uno 8 lobulln 
constant domain I. th. conscsnt domain of an XfG h..vy chain. 

22. The nucleic .eld of claim 5 vh.r.in th. dlff.r.nt polypeptide 
Is . cytotoxic polypeptide. 

23. The nucleic .eld of claim 5 vh.r.in the cytotoxic polypeptide 
Is the dlptherl. toxin A. 

24. A composition comprl.lng en .dh..on amino .eld ..qu.nc. 
variant vhlch Is Incapable of cell membrane .nchor.g.. 

25. The composition of claim 24 vh.r.in th. .dh..on variant 
comprises a CDA amino acid sequence capable of binding gpl20. 

26. The composition of claim 25 further comprising an agent for 
inhibiting th. .ggr.getlon of the v.rlant ..l.ct.d from th. 
group of . pr.d.t.rmlned prot.ln «nd . surfactant. 

27. The composition of claim 26 wherein the agent Is a 
surfactant. 

28. Th. composition of claim 27 vh.r.in th. surf.ctant la Tv..n 80 
or Tv.en 20. 

29. The composition of cl.lm 25 vh.r.in th. CD4 tr.nam.mbran. 
domain ha. b..n d.l.ted or has b..n sub.tltut.d for by an 
amino acid sequence having a substantially hydrophlllc 
hydropathy profile. 

30. The composition of claim 29 vhlch Is sterile and vhlch further 
comprl... * phy.lologlc.lly .cc.ptable carrier. 





Si- 




ll. 



32- 



1C 




of dais 33 



V2- 



35. 



Mlciim of dflda 33 



36. 



ildoc of ei*l* 31 



Is i* 



37. 



of cl*ia 36 



of a CDt V-l*fe» 




of eloto 31 



(c) 



ACfc-f*£*. AC^-AC^. ACl-Vb. ^Cl-^Cb- « ^iPiT^hful 



(d) acl-aco-I"** •* *kSf^W5 

(o) aCl-v**-***. or v L c L %c H 3; 



<*> *lftw*fc-l*«- ACl-^Ch- VjCl-ACh. or 
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wharaln A la i CD4 polyptptlda containing 4 CD4 variable 
rtglon-llkt doaaln; V L , V H . C L and C H rtprtttnt light or haavy 
chain varlablt or conatant doaalnt of an laaunoglobulln; n li 
an Intagar; and Y datlgnattt tha raaldua of a covalant crott- 
linking agtnt. 



39. Tht coapotltlon of clala 38 wharaln tha V L and V H doaalnt ara 
capable of binding * prtdattralnad antlgan. 

40. Tht coapotltlon of clala 31 wharaln tht laaunoglobulln 
•tquanct It obtalntd froa IgCl, IgC2, lgC3, IgC4 t XgA, XJE, 
IgD or IgM. 

41. Tht coapotltlon of clala 23 wharaln tht variant coapritat a 
polyptptldt dlfftrtnt froa CD4 which It nonlaaunoganlc in 
huaam . 



20 



42. Tht coapotttlon of clala 41 whtrtln tht variant coapritat a 
polyptptlda which It laaunoganlc In huaana. 

43. Tht coapotltlon of clala 41 wharaln tha variant coapritat a 
polyptptlda having a huaan plataa half Ufa which It graatar 
than about 20 hourt. . . 



23' 44. Tht coapotltlon of clala 41 wharaln tha variant coapritat a 
huaan tranaftrrln, apollpoprotaln or albualn polyptptldt. 



30 



45. Tht coapotltlon of clala 23 wharaln tha variant coaprlatt a 
cytotoxic polyptptldt. 

46. Tht coapotltlon of clala 43 whtrtln tha cytotoxic polyptptldt 
It rleln A chain or dlpthtrla toxin A. 



35 



47. A polyptptldt coaprltlng a CD4 aalno acid ttqutnct capablt of 
binding gp!20 which It crott -linked to (t) polyptptldt having 
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a plum* half life of greater than about 20 hour* or (b) a 
cytotoxic polypeptide . 

48. The polypeptide of claia 47 wherein the polypeptide of (a) is 
transferrin, an apolipoprotein or albumin. 

49. The polypeptide of claia 47 wherein the cytotoxic polypeptide 
is cross-linked to the CD4 variable-like domain by a 
bifunctional cross -linking agent. 

50. A method for preparing an adheaon variant comprising 

transfecting a host cell with the nucleic acid of claia 1. 

51. A method for prepsring an adheaon variant comprieing 
recovering the variant from the culture of a host cell 
transfected with the nucleic acid of claia 1. 



52. The method of claim 51 wherein the adheeon is CD4 and the 
variant is recovered from the culture medium of the host cell 

20 or from the cell itself. 

53. The method of claia 52 wherein the variant la recovered by 
adsorption onto a cation exchange reeln. 

25 54. The method of claia 53 wherein the variant la recovered by 

adsorption of contaminants onto an anion exchange resin. 

55. The method of claia 52 wherein the variant lacks a functional 
transmembrane domain. 

30 

56. The method of claia 52 wherein wherein a salt is added to the 
culture medium to occupy charged domains of the variant, the 
resulting solution is contacted with a hydrophobic affinity 
chromatography resin to adsorb the variant, and the variant 



hi, I iik a ii ii» nil' 

V 



PCT/US8S/03414 



.61- 

.luted fro. th. r.ain by v-hlng to. «.in vlth a declining 
gradient of talc. 

The -thod of el.i. 52 wherein th. variant 1. recovered by 

laBunoefflnlty chromatography. 

The method of claim 57 vher.in th. i-uno^finlty 
chromatography la dlr.ct.d againat . polypeptide dlff.r.nt 
from CD4 vhlch la fua.d to CD&. 

A method for th. trataant of «n HIV Inf.ctlon co.prl.tng 
.dmlniatarlng to a patient tnf.ct.d vlth HIV . th.r.p.utic.lly 
effective do., of .n .mine .cid ..quenc. verl-nt of CD4. 

A replicebl. v.ctor comprising th. nucleic ecld of clai. 1. 
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